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The Brazilian Journal of Pulmonology 
and its progress in the major international 
databases
Bruno Guedes Baldi1,2a, Rogério Souza1,3a
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2. Editor-Chefe do Jornal Brasileiro de Pneumologia – JBP – Brasília (DF) Brasil
3. Vice-Editor do Jornal Brasileiro de Pneumologia - JBP - Brasília (DF) Brasil

In recent years, the Jornal Brasileiro de Pneumologia 
(JBP, Brazilian Journal of Pulmonology) has played an 
important role in disseminating the knowledge produced 
in the field of respiratory medicine in Brazil and in other 
countries, which has consolidated its standing in the 
major international databases. The recent publication 
of indicators for the JBP by the two major international 
indexing agencies—Scimago Journal & Country Rank (SJR) 
and Journal Citation Reports (JCR) Web of Knowledge, 
Clarivate Analytics—-supports that statement and is a 
source of pride for our scientific community because JBP 
has attained its highest levels to date.(1,2)

Since 2012, when the first JBP impact factor was 
published by the Institute for Scientific Information Web 
of Knowledge, it has become evident that the international 
visibility of the Journal is growing, because the participation 
of authors from other countries in relevant articles and the 
citations of JBP manuscripts in international publications 
have been progressively increasing.(3,4)

In the 2020 SJR, whose database includes the greatest 
number of journals (representing approximately 250 
countries), the two-year citation index of the JBP was 
1.805, corresponding to a 26.7% increase in relation to 
the previous cycle. In addition, the JBP ranking in the 
SJR rose from 91st to 83rd among the 147 journals in 
the area of pulmonary and respiratory medicine and 
from 66th to 46th among the 404 Brazilian journals. It 
is also noteworthy that international collaboration has 
increased from 20% to 24%.(1) According to the JCR, the 
JBP impact factor for 2020 was 1.870, corresponding 
to a 36.4% increase in relation to the previous year. 
Consequently, the JBP ranking in the JCR rose from 57th 
to 50th among the 64 journals in the area of respiratory 
medicine and from 28th to 13th among the 129 Brazilian 
journals. Given these newly issued indicators, we envision 
that the JBP will move up to category B1 in Medicine I 
in the journal ranking system of the Brazilian Office for 
the Advancement of Higher Education, a system known 
as Qualis.(2)

The articles with the highest number of citations, 
which influenced our indicators, were primarily those on 
tuberculosis, lung cancer, and sleep disorders, some of 
which were produced exclusively by researchers in Brazil, 
whereas others involved international collaboration.(5-7) 

Another relevant aspect is that, according to the JCR 
database, 43% of the articles published in 2017 and 
2018 were cited in 2019. In addition, in accordance 
with the objectives proposed at the beginning of the 
current editorship, efforts have been made to increase 
the numbers of guidelines and recommendations for 
the major respiratory diseases, as well as the number 
of editorials by international authors and the number of 
articles with a greater impact on clinical practice, which 
will certainly contribute to a greater visibility of the 
Journal, nationally and internationally.(3)

It is obvious that the impact factor is only one of the 
relevant indicators of the performance and international 
influence of a journal. Other principles that should be 
valued and that are not included in the isolated analysis 
of the impact factor, although relevant to the JBP, include 
the composition of the editorial board and of the team of 
reviewers, with an emphasis on the inclusion of participants 
from other countries, the proportion of articles rejected 
(currently about 65%), the transparency throughout the 
editorial process, and the quality of reviews. In addition, 
the number of times that JBP articles are accessed via 
websites and are cited on social networks should be 
taken into consideration.

Finally, the voluntary participation of associate editors 
and reviewers in the evaluation and refinement of 
the articles submitted should be highlighted. These 
professionals have played an essential role in the success 
achieved in recent years. There are other aspects that 
represent challenges for maintaining the continuity of the 
growth of the JBP, such as streamlining the process of 
reviewing articles and publishing them online, expanding 
the team of reviewers, encouraging the submission of 
articles in English, and disseminating well-respected, 
well-structured studies and opinions. The preparation 
for each of these steps is our contribution to improving 
research in respiratory medicine in Brazil.(8,9)

We hope to continue improving the production of 
articles and providing high-quality points of view that 
are relevant to the day-to-day approach to pulmonology 
and related areas. By doing so, we will gradually improve 
the indicators for our Journal in the major international 
databases.
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Thrombosis and anticoagulation in COVID-19
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Coronavirus disease 2019 (COVID-19) has recently 
been described, and it has been reported that 15% of 
patients with the disease develop the severe form.(1) 
Because the lungs are the organs most often affected, 
clinical deterioration can occur, with progression to 
hypoxemic respiratory failure and acute respiratory 
distress syndrome (ARDS), within a few days after 
symptom onset. In the context of a pandemic that has 
important prognostic implications, the investigation of 
new treatments is justified.

Studies on pharmacological treatment, including systemic 
corticosteroid therapy, have recently been published. 
The practices employed in patients with ARDS should 
also be prioritized in the supportive care of patients with 
COVID-19 in the ICU, such as protective strategies for 
mechanical ventilation, neuromuscular blocks, prone 
positioning, and conservative fluid administration. 
However, although COVID-19 is pathologically similar 
to ARDS, most patients with COVID-19 present with 
slightly impaired ventilatory mechanics and reduced 
potential of recruitment, despite significant hypoxemia. (2,3) 
The discrepancy between changes in gas exchange, 
radiological findings, and findings regarding respiratory 
mechanics might indicate a vascular component of the 
disease, as evidenced by a high shunt fraction(4) and the 
presence of thrombi in the microcirculation, which have 
been identified in autopsy studies.(5)

In this context, a state of hypercoagulability and 
hematological changes have been described in up to 
one third of the patients, the increase in D-dimer levels 
being an important marker of unfavorable outcomes.(6) 
Therefore, some retrospective studies have investigated 
the occurrence of venous thromboembolism (VTE) in 
patients with COVID-19, identifying it in up to 40% of 
those patients.(7) If an active search for VTE, by means 
of ultrasound venous mapping of the lower limbs, is 
performed, that rate is nearly 70% among ICU patients 
with COVID-19.(8)

It is of note that D-dimer is a fibrin degradation product 
that might be elevated due to the simultaneous activation 
of fibrinolysis during the formation of thrombi. The 
determination of D-dimer levels is nonspecific, and those 
levels might be increased in other situations, such as in 
cancer, after surgery, in infections, or during pregnancy. 
As described above, an increase in the levels of this 
marker is common in patients with COVID-19, which 
makes it difficult to use in the investigation of VTE in those 
patients. Therefore, in patients with COVID-19 and a high 
pre-test probability of thrombotic events, especially in 
those with disproportionate hypoxemia, D-dimer levels 
should not contribute to the clinical decision-making to 

continue the investigation, because this test is more 
important for excluding the disease in populations with 
a low prevalence of VTE (< 10%). Likewise, because 
this test has low specificity in populations with a high 
prevalence of VTE (> 50%), it should not influence the 
diagnosis in this situation.

Although there is clear evidence of an increased risk 
of VTE in COVID-19, the use of full anticoagulation in 
all COVID-19 patients has been questioned and is not 
currently recommended by international societies.(9) In 
suspected cases of VTE, it is suggested that the use of 
empirical anticoagulation be carefully evaluated, especially 
when we consider the risk-benefit ratio according to the 
clinical probability, and the diagnosis should be made 
as soon as possible to minimize the risk of bleeding. 
More importantly, the determination of D-dimer levels 
is of little use for the diagnosis of VTE when analyzed 
in isolation, especially in this high-risk population, in 
which the positive predictive value of the test is low. 
This is even more relevant in ICU patients who have a 
high inflammatory response. However, for patients in 
whom the clinical probability is higher (e.g., in those 
with worsened hypoxemia despite improved radiological 
findings and infection control), the determination of 
D-dimer levels can be useful. It is possible that future 
studies will identify higher cutoff points that might increase 
the specificity of this test for COVID-19. It is important 
to highlight the association between increased levels of 
D-dimer and systemic inflammation, as demonstrated by 
the correlation between high serum C-reactive protein 
levels and high D-dimer levels, even in patients with 
COVID-19.(10)

If the empirical treatment of macrovascular events is 
controversial, there is even less evidence to support its 
use in the treatment of microthrombi. A procoagulant 
state has been widely described in patients with sepsis 
and ARDS, as well as in those with other types of viral 
pneumonia, such as that caused by influenza. In fact, 
vascular lesions have been identified in patients with 
ARDS, not only in autopsy studies but also in ICU 
patients by means of pulmonary angiography. Patients 
with microthrombosis are not necessarily diagnosed 
with disseminated intravascular coagulation, and there 
is no evidence to support the use of full anticoagulation 
in this clinical situation.

Although some researchers recommend the prophylactic 
use of moderate doses of anticoagulants, that approach 
has not been shown to be beneficial in reducing mortality 
in patients without cancer. As expected, the incidence of 
VTE is lower when that therapy is employed, although 
there might be a greater chance of adverse hemorrhagic 
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events.(11) In patients with COVID-19, this can be 
aggravated by the presence of other risk factors for 
bleeding, such as renal dysfunction and stroke, even 
in young patients.(12)

To date, the best approach to treat patients with 
COVID-19 is to underscore the approach recommended 
for diseases with a high thrombotic risk: performing 
routine thromboprophylaxis in all hospitalized patients 
and increasing surveillance and clinical suspicion, 
especially in patients with gas exchange alterations 
disproportionate to the degree of systemic inflammation 
and the radiological findings. While we await the results 
of clinical trials studying the use of higher doses of 
anticoagulants in COVID-19, we recommend greater 

surveillance and screening in the presence of additional 
risk factors, such as the use of mechanical ventilation.

Results of studies on anticoagulation in COVID-19 are 
expected to be published soon; however, we cannot 
stop to wait for good evidence to guide us if it is still 
unavailable. Appropriate, personalized clinical judgment 
supersedes “cookie-cutter” solutions and helps ensure 
that the patient receives high-quality care. However, 
clinical decision-making must be based on the best 
evidence available for similar diseases, rather than on 
just any evidence, taking into consideration not only 
the benefits but also the risks that that chosen course 
of action might carry.
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Mechanical ventilation (MV) is essential for sustaining 
life in cases of severe respiratory failure. The origins 
of MV date back to the 16th century, when Vesalius 
described the technique in the book De Humani Corporis 
Fabrica. Negative pressure ventilators were developed 
in the late 19th century, whereas invasive MV, as we 
know it, emerged in response to the 1952 poliomyelitis 
pandemic in Denmark. At that time, anesthesiologist 
Bjorn Ibsen used tracheostomy and manual positive 
pressure ventilation in patients with severe forms of the 
disease and respiratory muscle paralysis, reducing the 
lethality from 97% to 40%.(1,2) Thereafter, MV came to be 
recognized as a life-saving technique, and its history is 
comingled with that of ICUs.(1,2) It has since evolved from 
a support basically aimed at normalizing gas exchange 
to a technique capable of doing so, without damaging 
the lungs, without compromising the physiology of the 
cardiovascular system or that of other organs, and without 
causing diaphragmatic dysfunction, thus ensuring the 
resolution of the underlying disease, providing good 
patient-ventilator synchrony, and reducing the need for 
sedation.(1) After almost 70 years, MV is now facing its 
biggest challenge: the new coronavirus disease 2019 
(COVID-19) pandemic. Poliomyelitis was accompanied 
by respiratory acidosis due to neuromuscular failure, 
whereas pneumonia by the new coronavirus causes severe 
damage to the lung parenchyma and severe hypoxemia, 
which is often refractory to usual interventions, in 10-20% 
of the cases.(3)

A few months after the first case of COVID-19 was 
reported in China, the disease was declared a pandemic, 
and more than 6.9 million confirmed cases and 400,469 
deaths had been reported as of June 8, 2020.(4) By that 
same date, 645,771 confirmed cases and 35,026 deaths 
had been reported in Brazil, which thus came to rank third 
in terms of absolute number of deaths worldwide.(4) These 
numbers, which had been reached in such a short time, 
show the high contagiousness of the virus that causes 
COVID-19, designated severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Although severe forms of 
the disease occur in only a small fraction of patients, the 
absolute numbers of such patients are considerable and 
could eventually cause the collapse of health care systems. 
The most critical structural limitation is the shortage of 
ICU beds and mechanical ventilators, ventilatory support 
being at the heart of the problem. In addition, there are 
restrictions on the use of noninvasive ventilation and 
high-flow nasal cannulas due to the risk of aerosolizing 
the virus into the environment and infecting members 

of the multidisciplinary team or other patients. Patients 
with COVID-19 can require MV for two to four weeks. 
In addition, complications, such as ventilator-associated 
pneumonia, pulmonary thromboembolism, delirium, and 
patient-ventilator asynchrony that is difficult to resolve, 
can increase morbidity and mortality.(3,5) The challenges 
for providing MV safely include maintaining the supply 
of materials, such as personal protective equipment, MV 
accessories (such as filters and circuits), and medications 
(for sedation, analgesia, and neuromuscular blocks), as 
well as the need for support from clinical engineering 
services.

Errors in adjusting the mechanical ventilator can cause 
serious iatrogenic complications and increase the risk of 
death, whereas the use of MV with the appropriate settings 
reduces mortality, the occurrence of complications, the 
number of days on MV, the length of ICU stay, and hospital 
costs.(6) In recent decades, technological advances, 
including the emergence of equipment incorporating 
microprocessors, different ventilation modes, and 
advanced features, have led to significant improvements 
in mechanical ventilators, although such ventilators have 
human-machine interfaces that are more complex, which 
has complicated their use.(7) Along with these advances, 
the learning process and management of these machines 
have become more difficult for students, residents, and 
other health professionals.(7,8) Because of the COVID-
19 pandemic, thousands of new ICU beds have been 
created and similar numbers of new ventilators have 
been acquired throughout the country. Consequently, 
there is a shortage of staff specialized to work in that 
context. Although recent graduates have been called 
in to work on the front lines, they lack the necessary 
knowledge, training, and experience to manage different 
types of ventilators in complex cases. It is to be expected 
that inexperienced professionals feel insecure and have 
difficulty applying the best evidence-based practices and 
interventions recommended in protocols and guidelines 
by the major medical societies. Therefore, there is a high 
risk of deviations from established practices.(3,8)

Coping with this wartime scenario is characterized by 
a set of measures taken in order to mitigate the risks 
and reduce the lethality of COVID-19. Such measures 
include promoting broad access to digital training 
(courses and virtual simulators) on using MV(9); enabling 
access to telemedicine; supporting the development and 
manufacture of mechanical ventilators with technology 
that is more accessible, making them easier to use, and 
that are not dependent on components and materials 
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that must be acquired from the international market; 
making efforts to restore old, inoperative ventilators 
and to adapt portable ventilators or ventilators used 
in anesthesiology; creating safe hospital environments 
for the use of noninvasive ventilation and high-flow 
nasal cannulas in negative-pressure isolation rooms, if 
possible; and searching for alternatives to noninvasive 
ventilatory support, reducing the risk of infection of 
the health care team and the pressure for indicating 
tracheal intubation as the first treatment option in the 
event of oxygen therapy failure (Figure 1).(10) Research 
funding agencies, universities, industry sectors, medical 
societies, and other entities have united around these 
measures, quite often in a supportive and altruistic 
way, and that is commendable.

This is a historical moment because awareness has 
been raised and there have been paradigm shifts 

regarding the role of mechanical ventilatory support in 
health care systems. Accessibility, expertise, technology, 
innovation, usability, training, excellence, safety, 
effectiveness, low cost, equity, and universality are 
some of the concepts that permeate the role of MV in 
health care policies worldwide.(11,12) It is certain that 
there will be new catastrophes and pandemics in the 
future and that the health of millions, perhaps billions 
of people, will be seriously affected. Contingency 
plans for current and future threats to global health, 
especially infections and respiratory diseases, should 
guide and enable universal access to safe, high-quality 
ventilatory support, even in regions with limited 
financial resources. (11,12) The challenges have been 
set; it is up to us to face them in the present as we 
build the foundations for a promising future for MV in 
Brazil and in the world.
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In Brazil, telemedicine activities were exceptionally 
authorized due to the recent coronavirus disease 2019 
(COVID-19), being valid only while the pandemic lasts. (1) 
The necessary regulation of telemedicine is still being 
discussed and was subjected to a presidential veto, on 
the grounds that the regulation of medical activities 
by means of telemedicine after the end of the current 
pandemic is a matter that should be regulated by law.(2)

Telemedicine has been a successful tool and was the 
major international technological innovation implemented 
during the pandemic(3); however, legal uncertainty on the 
topic is still common among health care professionals 
and institutions.(4)

COVID-19 spread across all continents in weeks, 
overcoming the ability of health care systems to test 
individuals, as well as to track and contain the disease.(5) 
Telemedicine activities prevent close contact, decreasing 
the chance of infection with the COVID-19 virus, accelerate 
the dissemination of accurate information by making 
teaching platforms available, and promote access to the 
opinions of experts in remote locations.(3)

Various countries severely affected by the pandemic have 
developed and implemented telemedicine platforms. The 
government of the Chinese province of Shandong, one of 
the most affected regions, established a comprehensive 
telemedicine program in March of 2020. The program has 
provided guidance on prevention and treatment directly 
to the patients, training for health care professionals, and 
remote consultation with specialists for medical staff in 
different locations. This platform has been a great success 
and a model for other Chinese cities.(6)

Italy, however, encountered various barriers to 
telemedicine amidst a large number of critical patients 
and low availability of ICU beds. The limited availability 
of large-scale telemedicine solutions, the heterogeneity 
of the tools available, the poor interconnection among 
telemedicine services operating in different locations, the 
lack of a multidisciplinary approach to the management 
of patients, and the absence of clear legal guidelines 
were factors that limited the wide use of telemedicine.(7)

Telemedicine is not a novelty in the world. The World 
Medical Association statement, also known as the Tel 
Aviv Statement, one of the most important telemedicine 
documents worldwide, was created in 1999.(8) This 
phenomenon soon arrived in Brazil. In 2002, the 
Brazilian Conselho Federal de Medicina (CFM, Federal 
Council of Medicine)(9) formulated a resolution that 
defined what telemedicine service is, established the 
minimal infrastructure required, and addressed medical 

responsibilities and the registration of telemedicine 
service providers.

This resolution remained dormant for 15 long years, 
but made sure that “telemedicine, even in a timid way, 
already existed and worked.”(10) Incredibly, CFM new 
attempt to regulate the topic resulted in the alleged ban 
on telemedicine nationally. Between the end of 2018 
and the beginning of 2019, CFM prepared Resolution no. 
2,227,(11) which introduced several innovations applicable to 
telemedicine and finally provided a robust legal framework 
for the provision of telemedicine services in Brazil. 
According to the resolution, these would be the modalities 
of telemedicine: teleconsultation, teleinterconsultation, 
telediagnosis, telesurgery, telescreening, telemonitoring 
(or telesurveillance), teleorientation, and teleconsulting. 
The legal wording reinforced that each of the eight 
different modalities of telemedicine would deserve a 
different approach instead of establishing general rules 
for telemedicine as a whole. It is important to note 
that this resolution formally revoked the previous CFM 
resolution of 2002, and it would only come into force 90 
days after its publication.

Resolution no. 2,227(11) had a very short life because 
it was revoked even before it came into force. Because 
of the immediate reaction of the medical community, 
CFM rushed to publish Resolution no. 2,228,(12) which 
completely revoked Resolution no. 2,227,(11) but expressly 
reestablished Resolution no. 1,643.(9) Therefore, an unusual 
legal confusion was created. If Resolution no. 2,228(12) 
had only revoked Resolution no. 2,227,(11) with nothing 
else to add, the understanding would be that telemedicine 
was no longer authorized in Brazil. However, by expressly 
reestablishing the validity of the 2002 Resolution(9) on 
telemedicine, Resolution no. 2,228(12) did not effectively 
prohibit the practice of telemedicine in Brazil.

This resulted in a legal imbroglio. Technically, Resolution 
no. 1,643(9) remains in effect today. This fact still generates 
doubts and uncertainties in the medical community and in 
the media; however, it is understood that CFM regulations 
have never prohibited telemedicine in Brazil. This position 
is clear considering that the law of telemedicine and the 
subsequent Brazilian Ministry of Health Ordinance no. 
467(13) made it clear that telemedicine would be authorized 
in Brazil. However, the Code of Medical Ethics,(14) published 
in 2019, maintains the prohibition of prescribing treatment 
and procedures without the direct examination of the 
patient or by any other means of communication or 
mass media. Therefore, even the greatest enthusiast of 
telemedicine would be reluctant to rely on the outdated 
and incomplete Resolution no. 1,643.(9)
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It is evident that telemedicine needs to be properly 
regulated in order to become available after the end 
of the COVID-19 pandemic. To this end, all interested 
parties in its approval should be convened to create an 
adequate legal framework for telemedicine activities.

Given the very favorable results of telemedicine 
obtained in a very short time in Brazil and worldwide, 
it is natural to expect that there will be no setbacks, 
such as the prohibition of telemedicine services in 
Brazil. Telemedicine has become a critical component 
during the pandemic and improved the efficacy of health 
care services, multiplying the capacity of the health 

care system to cope with COVID-19. We believe that 
telemedicine plays a fundamental role in defeating the 
pandemic and should not be considered just an option 
or a complement to react against a crisis. Therefore, 
the dissemination of telemedicine is a path of no return. 
The regulation of telemedicine will be remembered 
as a historic landmark for the Brazilian Unified Health 
Care System in the future.
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Lung cancer continues to be a global health problem. 
Since the 1980s, it has been the leading cause of death 
from cancer, as well as accounting for approximately 
13% of all new cases of cancer.(1) In Brazil, it is the most 
lethal type of cancer among males and the second most 
lethal among females, being responsible for a total of 
28,717 deaths in 2018.(2)

Given that smoking is the main risk factor, lung cancer 
is one of the main avoidable causes of death. Due to a 
reduction in smoking rates, the lung cancer mortality rate 
began to decline in 2011. Nevertheless, nearly 75% of 
lung cancer patients are still diagnosed with either locally 
advanced or metastatic cancer. In the advanced disease 
scenario, fewer than 20% have a life expectancy of five 
years and systemic treatment is still the main therapeutic 
option available. In contrast, 50-90% of those diagnosed 
in the initial stages have survival rates of five years.(1,2)

Access to diagnostic procedures to obtain tissue 
samples, which are linked to advances in surgical and 
systemic treatments, still differs between public and 
private institutions. In the public system, diagnostic 
procedures that are less invasive, such as imaging-guided 
percutaneous needle biopsy and bronchoscopy, are scarce 
and result in delays in the treatment timeline for patients 
with lung cancer.(3)

In the last ten years, thoracic surgery has evolved 
rapidly, with the development and assimilation of 
minimally invasive techniques in the management of 
lung cancer. According to the Brazilian Society of Thoracic 
Surgery database, 52% of patients diagnosed with lung 
cancer between August of 2015 and December of 2016 
underwent anatomical lung resection. This number is 
higher than that reported by European societies.(4) The 
use of robot-assisted thoracic surgery has also recently 
been adopted, although access to the technology is still 
very limited. Lobectomy continues to be the surgical 
procedure most commonly performed.(5)

Despite the advances in surgical techniques, only a 
small portion of lung cancer patients undergo surgery 
with curative intent. Data suggest that only a quarter 
of such patients undergo surgical treatment. Access to 
curative surgery is probably influenced by socioeconomic 
differences, performance status, comorbidities, geographic 
distribution, and advanced age.(6) Data from the Brazilian 
National Cancer Institute indicate that more than 45% of 
lung cancer deaths occurring between 2010 and 2018 were 
in patients over 70 years of age.(2) Studies that evaluate 
special populations are scarce. One retrospective study 

conducted at a center in Portugal showed that, among 
patients over 70 years of age, the relapse and mortality 
rates were similar between those undergoing sublobar 
resection and those undergoing traditional lobectomy.
(7) Data from the São Paulo State Department of Health 
show that the probability of undergoing surgery is lower 
among individuals with a lower level of education.(8)

In another retrospective study, Younes et al.(9) evaluated 
data collected from 2,673 patients with metastatic non-
small cell lung cancer treated at two cancer treatment 
centers between 1990 and 2008. Only 10% of the patients 
had a Karnofsky performance status (KPS) score > 90, 
and half of the patients had a score of ≤ 70, reflecting 
the delayed access of these patients to cancer treatment 
centers. Although it is known that the KPS is influenced 
by multiple factors, anorexia and weight loss might be 
some of the main factors. Franceschini et al.(10) addressed 
that theme, reporting that weight loss and anorexia are 
independent factors for mortality in patients with lung 
cancer, even before the initiation of treatment.

In one recent study,(11) real-life data were collected 
from 1,256 patients in seven countries, including 175 in 
Brazil. All the patients in the Brazilian cohort received at 
least first-line treatment. Only 58% of the patients were 
tested for the EGFR mutation (identified in 17% of those 
patients), and the ALK rearrangement test was applied 
in only 11% (no positive results). Most patients were 
treated with platinum doublet therapy. These results 
may reflect the fact that most patients diagnosed with 
advanced/metastatic non-small cell lung cancer in Brazil 
and showing a good KPS score are being treated with 
platinum doublet therapy because of their access to the 
public health care system.

The diagnosis of tumor-induced mutations is essential 
for the selection of the most appropriate treatment. 
Wider access to the genomic profiling of tumors and the 
respective corresponding molecularly targeted therapy is 
a high priority in Brazil. Restrictions and financial barriers 
are among the possible reasons why the clinical use of 
tyrosine kinase inhibitors and checkpoint inhibitors is so 
low in patients treated via the public health care system 
in the country.

Although anti-EGFR drugs have been incorporated 
into the Brazilian public health care system since 2015, 
neither the test for the EGFR mutation nor the medication 
is readily available or routinely provided to patients in 
the country. The first ALK inhibitor approved for use in 
Brazil was crizotinib, which was approved in February of 
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2016. It is estimated that the delay in the approval of 
crizotinib resulted in the premature deaths of more than 
700 patients due to a lack of access to the medication. 
Despite conflicting data on the cost-effectiveness of 
tyrosine kinase inhibitor use in Brazil, Aguiar et al.(12) 
stated that there are different models for the analysis 
of these data in the Brazilian Unified Health Care 
System and showed that the use of anti-EGFR drugs 
can indeed be cost-effective.

The lack of local data in many sectors highlights the 
need for regional studies to help develop programs 
that are effective in the prevention, diagnosis, and 

treatment of lung cancer, as well as fostering the 
creation of algorithms and guidelines for triage in Brazil.

Over the last decade, in addition to new drugs, 
technological innovations in treatment to allow the 
individualization of cancer treatment have appeared 
rapidly. However, the accessibility of such innovations 
has not kept pace with their evolution because of their 
cost. Because the population of patients with lung 
cancer is quite heterogeneous, it is essential that we 
be able to analyze the various scenarios and propose 
courses of treatment that can meet all of the challenges 
encountered in clinical practice. 
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Respiratory physical therapy has always sought to prove 
the efficiency of techniques,(1-3) such as chest vibration/
percussion and changes in inspiratory/expiratory flow, in 
bronchial hygiene. However, this has failed to be proven 
because of methodological differences among the stud-
ies and the fact that these techniques depend on being 
properly performed by the physical therapist, as well as, 
in many cases, on the collaboration of the patients.(4)

We believe that studies that corroborate the use of 
bronchial hygiene techniques are important, since they 
are necessary to prevent atelectasis and pulmonary 
infections, as well as to reduce the length of hospital stay. 
In this context, Chicayban et al.,(5) in the present issue 
of the Jornal Brasileiro de Pneumologia, contemplate us 
with a study comparing two bronchial hygiene techniques 
that can be used in clinical practice.

Postural drainage, tapotement and chest vibration, 
acceleration of expiratory flow, positive end-expiratory 
pressure–zero end-expiratory pressure maneuvers,(6) bag 
squeezing,(7) and manual hyperinflation performed with 
an artificial manual breathing unit (AMBU) are among 
the most frequently studied techniques. Bag squeezing 
and manual hyperinflation, when compared with the 
stimulation of cough or tracheal aspiration without the 
prior use of physical therapy maneuvers, have so far been 
shown not to be effectively capable of demonstrating an 
increase in the mobilization and in the amount of fluid.(8)

Cough depends on inspiratory and expiratory muscles 
being preserved; however, after prolonged ICU stays and 
use of mechanical ventilation, in addition to the evolution 
of various diseases, these muscles might become impaired 
and end up compromising effective coughing.(8) In this 
context, maneuvers that improve the patient’s ability to 
perform deep and sustained inhalations are very important 
to make coughing more effective, revert possible areas of 
atelectasis, and prevent other pulmonary complications 
due to accumulation of secretions.(8)

A recent study(8) evaluated the major bronchial hygiene 
techniques used by physical therapists: vibrocompression, 
hyperinflation, postural drainage, tracheal aspiration, 
and motor physical therapy. The authors found that 
the most frequent reason for using one or the other 
maneuver was the personal experience of the professional 
(not scientific evidence), which demonstrates the need 
for further studies on this topic because techniques/
maneuvers have always been used and recommended 

in the routine of such professionals.(8) Based on these 
findings, interventions were started to help improve or 
simulate the physiological mechanisms of fluid clearance.

Breath stacking techniques, which include voluntary 
and involuntary breath stacking, have the physiological 
principle of increasing lung volume and elastic recoil. 
These techniques are intended to reexpand collapsed areas 
and assist coughing, which are mechanisms that can be 
impaired in various diseases. For this reason, we believe 
that the study by Chicayban et al.(5) is valuable because 
it scientifically supports physical therapy approach using 
viable, comprehensive resources in clinical practice. In 
addition, breath stacking techniques have demonstrated 
a solid scientific basis as to their effectiveness.(9-13) These 
techniques have been well-established in the treatment 
of neuromuscular diseases and, in practice, are aided by 
AMBU, which increases inspiratory volume above three 
liters. This acts on lung elastic recoil, and it makes coughing 
more effective during forced expiration, whether associated 
with thoracoabdominal restriction or not. The major 
function of involuntary breath stacking is not related to 
mobilizing fluid, as is observed in conventional maneuvers. 
In fact, it simulates cough mechanisms, increases PEF 
and peak cough flow, carrying fluid to the upper airways. 
Therefore, it is a technique that should applied and studied 
in other diseases, besides neuromuscular diseases. (12) 
The voluntary breath stacking technique has good results 
in terms of improving oxygenation in patients with 
atelectasis.(14) However, the effects of this technique on 
respiratory mechanics in patients with severely impaired 
lung function should be further evaluated to contribute 
to decision-making in clinical practice. It is of note that 
voluntary breath stacking depends more on the muscle 
contraction of the patient to generate tidal volume, 
whereas involuntary breath stacking relies on the volume 
generated by AMBU (bag-valve-mask).

Although both techniques can be used easily and 
independently,(5) involuntary breath stacking appeared 
to be more effective in generating inspiratory volume 
and increasing static compliance when compared with 
voluntary breath stacking. In the study by Chicayban et 
al.,(5) 85% of the patients needed fluid aspiration due to 
coughing during the performance of involuntary breath 
stacking. Because this increases elastic recoil, we can 
strategically think that there was an effect of “sudden 
decompression” that, when associated with more vigorous 
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expiratory efforts, could generate a more productive 
and effective cough, carrying secretions more easily, 
which was well discussed and demonstrated by the 
authors.(5)

Regarding the safety of the maneuvers,(5) these were 
repeated in 4-5 consecutive cycles, which seemed 
not to cause adverse effects, such as hemodynamic 
instability, patient discomfort, or increased airway 
resistance. This corroborates the studies by Sarmento 
et al.(13) and Naue et al.,(15) who compared different 
bronchial hygiene techniques, combined and isolated, 
and concluded that the techniques were safe and that, 
when combined, they appeared to be more efficient in 
reducing the frequency of aspiration and the duration 
of mechanical ventilation.

Although the authors(5) do not mention the level of 
awareness and cooperation of the patients at the time 
that interventions were performed, we believe that 
more cooperative patients can benefit more from such 
maneuvers, especially when they receive orientation 
on how to perform the maneuvers themselves after 
hospital discharge.

In conclusion, we found that both techniques promote 
bronchial hygiene by increasing inspiratory volume, 
inspiratory capacity, and complacency, favoring a 
greater peak cough flow. The study by Chicayban et 
al.(5) helps support the use of reexpansion techniques 
based on evidence and applicability in an attempt to 
supply the absence of well-evidenced studies with 
proper methodology on this topic.

REFERENCES

1.	 Peruzzi WT, Smith B. Bronchial hygiene therapy. Crit Care Clin. 
1995;11(1):79-96. https://doi.org/10.1016/S0749-0704(18)30086-1

2.	 Varekojis SM, Douce FH, Flucke RL, Filbrum DA, Tice JS, McCoy KS, 
et al. A comparison of the therapeutic effectiveness of and preference 
for postural drainage and percussion, intrapulmonary percussive 
ventilation, and high-frequency chest wall compression in hospitalized 
cystic fibrosis patients. Respir Care. 2003;48(1):24-28.

3.	 Florêncio RB, Aliverti A, Fagundes MLLC, Batista IPDS, Nóbrega AJS, 
Resqueti VR, et al. Acute effects of three pulmonary reexpansion 
modalities on thoracoabdominal motion of healthy subjects: 
Randomized crossover study. PLoS One. 2019;14(3):e0213773. 
https://doi.org/10.1371/journal.pone.0213773

4.	 Walton JR, Shapiro BA. Appropriate utilization of bronchial hygiene 
therapy: development and evaluation of a cost-effective respiratory 
therapy program. QRB Qual Rev Bull. 1981;7(1):21-25.

5.	 Chicayban LM, Hemétrio AC, Azevedo LTR. Comparison of the 
effects of voluntary and involuntary breath stacking techniques on 
respiratory mechanics and lung function patterns in tracheostomized 
patients: a randomized crossover clinical trial. J Bras Pneumol. 
2020;46(4):e20190295. https://doi.org/10.36416/1806-3756/e20190295

6.	 Santos FR, Schneider Júnior LC, Forgiarini Junior LA, Veronezi 
J. Effects of manual rib-cage compression versus PEEP-ZEEP 
maneuver on respiratory system compliance and oxygenation 
in patients receiving mechanical ventilation. Rev Bras Ter 
Intensiva. 2009;21(2):155-161. https://doi.org/10.1590/S0103-
507X2009000200007

7.	 Windsor HM, Harrison GA, Nicholson TJ. “Bag squeezing”: a 
physiotherapeutic technique. Med J Aust. 1972;2(15):829-832. 
https://doi.org/10.5694/j.1326-5377.1972.tb103565.x

8.	 Matilde INE, Eid RAC, Nunes AF, Ambrozin ARP, Moura RH, 
Carnieli-Cazati D, et al. Bronchial hygiene techniques in patients 
on mechanical ventilation: what are used and why? Einstein 
(Sao Paulo). 2018;16(1):eAO3856. https://doi.org/10.1590/s1679-

45082018ao3856
9.	 Toussaint M, Pernet K, Steens M, Haan J, Sheers N. Cough 

Augmentation in Subjects With Duchenne Muscular Dystrophy: 
Comparison of Air Stacking via a Resuscitator Bag Versus Mechanical 
Ventilation. Respir Care. 2016;61(1):61-67. https://doi.org/10.4187/
respcare.04033

10.	 Camela F, Gallucci M, Ricci G. Cough and airway clearance in 
Duchenne muscular dystrophy. Paediatr Respir Rev. 2019;31:35-39. 
https://doi.org/10.1016/j.prrv.2018.11.001

11.	 Iskandar K, Sunartini, Nugrahanto AP, Ilma N, Kalim AS, Adistyawan 
G, et al. Use of air stacking to improve pulmonary function in 
Indonesian Duchenne muscular dystrophy patients: bridging the 
standard of care gap in low middle income country setting. BMC 
Proc. 2019;13(Suppl 11):21. https://doi.org/10.1186/s12919-019-
0179-4

12.	 Brito MF, Moreira GA, Pradella-Hallinan M, Tufik S. Air stacking 
and chest compression increase peak cough flow in patients with 
Duchenne muscular dystrophy. J Bras Pneumol. 2009;35(10):973-
979. https://doi.org/10.1590/S1806-37132009001000005

13.	 Sarmento A, de Andrade AF, Lima ÍN, Aliverti A, de Freitas Fregonezi 
GA, Resqueti VR. Air Stacking: A Detailed Look Into Physiological 
Acute Effects on Cough Peak Flow and Chest Wall Volumes of 
Healthy Subjects. Respir Care. 2017;62(4):432-443. https://doi.
org/10.4187/respcare.05189

14.	 Marini JJ, Rodriguez RM, Lamb VJ. Involuntary breath-stacking. An 
alternative method for vital capacity estimation in poorly cooperative 
subjects. Am Rev Respir Dis. 1986;134(4):694-698. https://doi.
org/10.1164/arrd.1986.134.5.902

15.	 Naue WDS, Herve BB, Vieira FN, Deponti GN, Martins LF, Dias AS, 
et al. Comparison of bronchial hygiene techniques in mechanically 
ventilated patients: a randomized clinical trial. Rev Bras Ter Intensiva. 
2019;31(1):39-46. https://doi.org/10.5935/0103-507X.20190005

J Bras Pneumol. 2020;46(4):e20200443 2/2

https://doi.org/10.1016/S0749-0704(18)30086-1
https://doi.org/10.1371/journal.pone.0213773
https://doi.org/10.36416/1806-3756/e20190295
https://doi.org/10.1590/S0103-507X2009000200007
https://doi.org/10.1590/S0103-507X2009000200007
https://doi.org/10.5694/j.1326-5377.1972.tb103565.x
https://doi.org/10.1590/s1679-45082018ao3856
https://doi.org/10.1590/s1679-45082018ao3856
https://doi.org/10.4187/respcare.04033
https://doi.org/10.4187/respcare.04033
https://doi.org/10.1016/j.prrv.2018.11.001
https://doi.org/10.1186/s12919-019-0179-4
https://doi.org/10.1186/s12919-019-0179-4
https://doi.org/10.1590/S1806-37132009001000005
https://doi.org/10.4187/respcare.05189
https://doi.org/10.4187/respcare.05189
https://doi.org/10.5935/0103-507X.20190005


ISSN 1806-3713© 2020 Sociedade Brasileira de Pneumologia e Tisiologia

Branching tubular opacities
Edson Marchiori1 , Bruno Hochhegger2 , Gláucia Zanetti1

1. Universidade Federal do Rio de Janeiro, Rio de Janeiro (RJ) Brasil. 
2. Universidade Federal de Ciências da Saúde de Porto Alegre, Porto Alegre (RS) Brasil. 

A 58-year-old male patient presented with difficult-to-
control bronchial asthma and a productive cough. During 
the investigation, a chest CT scan showed branching 
tubular opacities at the lung bases (Figure 1).

Branching tubular opacities, also known as the “finger-
in-glove” sign, are seen in vascular/bronchial processes 
or in thickened portions of the peribronchovascular 
sheath. Branching tubular opacities arising from vessels 
can be caused by congenital malformations, such as 
arteriovenous malformations, or by neoplastic vascular 
infiltration, such as that occurring in endovascular 
metastasis. Peribronchovascular thickening can be 
identified in diseases with a lymphatic distribution, such 
as sarcoidosis and lymphangitic carcinomatosis. The most 
common possibility, however, is filling of the bronchi with 
material that is denser than air.

A finding of branching tubular opacities can be indicative 
of a number of conditions. In bronchial atresia, mucoid 
impaction is seen when secretion accumulates in the distal 
segment of the atretic bronchus. A similar aspect can 
be seen in patients with bronchiectasis, cystic fibrosis, 
bronchial obstruction by a foreign body, endobronchial 
neoplasms, broncholithiasis, or allergic bronchopulmonary 
aspergillosis (ABPA). The CT scan of our patient had a 
very useful aspect for the differential diagnosis among 
these diseases: the branching opacities were denser than 
were the adjacent soft tissue structures, such as the 

heart and aorta. This finding of high-density branching 
opacities is characteristic of ABPA.

The cause of ABPA is a hypersensitivity reaction to fungal 
species of the genus Aspergillus. This form of aspergillosis 
is caused by the presence of plugs of thickened, fungus-
containing mucus. Clinically, it presents as recurrent 
wheezing, cough with expectoration of mucus plugs, 
fever, and weight loss. Patients with chronic ABPA may 
also present with recurrent pneumonia.(1,2)

The radiological manifestations of ABPA include 
central bronchiectasis, most often involving segmental 
and subsegmental bronchi, and mucoid impaction, 
associated with “plugging” of the airways with hyphal 
masses, which are characterized on imaging as branching, 
“finger-in-glove” tubular opacities involving mainly the 
upper lobes. Isolated lobar or segmental atelectasis 
occurs in some cases. The mucus plugs in ABPA are 
usually hypodense. However, in approximately 30% of 
patients, the impacted mucus has high attenuation or 
shows frank calcification on CT. The high-attenuation 
mucus plugs contain macrophages, eosinophils, fungal 
hyphae, desquamated epithelium, and calcium oxalate 
crystals. The hyperdensity is attributed to the presence 
of calcium oxalate crystals.(1,2)

In conclusion, the presence of branching tubular 
opacities, corresponding to dilated bronchi containing 
hyperdense mucus, is considered a characteristic—if not 
pathognomonic—finding of ABPA.

Figure 1. Chest CT scan in lung and mediastinal windows (A and B, respectively) showing branching tubular opacities in 
both lower lobes. Bronchiectasis is also seen anteriorly. Note in B that the density of the branching opacities is greater than 
is that of the heart.
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BACKGROUND

Dyspnea is a common complaint of patients with 
neuromuscular disease (NMD). Accordingly, these patients 
are frequently referred for lung function assessment. 
Some of the abnormalities brought by NMD, however, 
are prone to misinterpretation causing potential negative 
clinical consequences.

OVERVIEW

The director of a pulmonary function test (PFT) 
laboratory was questioned by a family physician about the 
interpretation of a PFT indicating that, despite the absence 
of airflow limitation, an 81-year-old, never-smoker woman 
with normal chest CT had “severe air trapping and a trend 
toward lung hyperinflation and low carbon monoxide 
transfer coefficient (KCO).” Under the assumption that 
the results indicated airway disease, she was empirically 
treated with a combination of bronchodilators which had 
no impact on her exertional dyspnea and fatigability. 
The patient repeated the test with the addition of a 
simplified protocol for NMD assessment. Results indicated 
a borderline decrease in static and dynamic MIPs but 
severe expiratory muscle weakness (including a low 
PEF), which was associated with a marked increase in 
RV and RV/TLC ratio (Figure 1). She was referred to the 

neurology department, being eventually diagnosed with 
a motor neuron disease (amyotrophic lateral sclerosis).

Depending on the relative contribution of inspiratory 
vs. expiratory muscle weakness, abnormalities on lung 
and/or chest wall compliance, underlying comorbidities 
(e.g., atelectasis and lung scarring predisposing to 
restriction vs. airway disease causing obstruction), 
and body habitus (obesity vs. underweight), the final 
pattern of dysfunction may vary substantially in NMD. (1) 
For instance, whereas RV in healthy elderly subjects is 
mainly determined by the volume at which the small 
airways close at low lung volumes,(2) RV becomes strongly 
dependent on the ability of those with expiratory muscle 
weakness to “squeeze” the airways near the end of 
expiration.(1,3) If RV—and, to a lesser extent, functional 
residual capacity (FRC)—increases in a patient with 
severe expiratory muscle weakness, but only with mildly 
impaired inspiratory muscle strength (i.e., preserved 
inspiratory capacity), TLC might be normal or, as seen in 
our lean patient, slightly increased (Figure 1).(4) In this 
context, a preserved TLC associated with a high RV/TLC 
ratio might be easily misinterpreted as indicative of air 
trapping due to airway disease. Because her diaphragm 
was only mildly impaired, FVC did not significantly 
decrease from a seated position to a supine position. 
Patients with clinically relevant expiratory muscle weakness 

Figure 1. Standard respiratory function tests with measurements of maximal respiratory pressures (plus forced expiration with 
the patient in seated and supine positions) in an 81-year-old woman (body mass index = 19.6 kg/m2) under investigation for 
exertional dyspnea. Abnormal test results are marked in red. See text for discussion. %pred: % of the predicted value; IC: 
inspiratory capacity, FRC: functional residual capacity, KCO: carbon monoxide transfer coefficient, SNIP: sniff nasal inspiratory 
pressure, ERV: expiratory reserve volume.
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may present with unequal distribution of ventilation 
and perfusion(3) which, in addition to microatelectasis, 
may decrease lung diffusing capacity at a given (low) 
alveolar volume, reducing KCO (Figure 1).(5) 

CLINICAL MESSAGE

The pattern of “extraparenchymal restriction” (low 
TLC and increased KCO), coupled with low FRC and 
preserved RV, is commonly seen in patients with 

isolated inspiratory muscle weakness.(1) Such a pattern, 
however, might change in the presence of associated/
dominant expiratory muscle weakness, leading to 
increased RV, normal-to-high TLC and FRC, and a trend 
toward low KCO.

(3) The interpretation of lung volumes 
and KCO should therefore take into consideration the 
inspiratory and expiratory muscle strength in subjects 
with unclear “out-of-proportion” dyspnea in whom an 
NMD is suspected.
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PRACTICAL SCENARIO

At the end of December of 2019, a pneumonia outbreak 
of unknown origin appeared in China. Soon afterwards, 
the causative virus was identified—SARS coronavirus 2 
(SARS-CoV-2), and the disease was named coronavirus 
disease 2019 (COVID-19). In January of 2020, Chinese 
investigators published a detailed case series describing 
the characteristics and outcomes of 41 adults with 
confirmed COVID-19.(1) The study showed that 15% of 
those patients died during the study period. That case 
series(1) was extremely important because it was the first 
published description of the impact of the new disease, 
helping clinicians around the world to face a new pandemic.

CONCEPTS AND APPLICATION

A case series includes a description of the characteristics 
and outcomes among a group of individuals with either 
a disease or an exposure (which can be an intervention) 
over a period of time and without a control group. Data 
are collected retrospectively or prospectively, and there 
is no randomization. The objective is to describe the 
population and outcomes, rather than compare risks 
across groups. Therefore, a case series differs from cohort 
studies because the latter compares the risk between 
two groups (exposed and unexposed) and allows for 
the estimation of an absolute risk for the occurrence of 
a given outcome in the exposed group and of a relative 
risk in comparison with the unexposed group.

The case series design is not considered the strongest 
source of evidence due to the absence of a control group 
and the risk of bias, in particular selection bias, since 
typical or severe cases of the disease are more easily 
identified, and rare presentations or mild cases may not 
be included. In the Chinese report,(1) for example, patients 
with less severe COVID-19 were not hospitalized and 
therefore were not included in the case series. However, 
case series are particularly important when a new disease 
or treatment emerges, because it provides descriptive 
information and contributes to building knowledge and 
generating hypotheses. Case series is also an appropriate 
study design to describe new treatments, previously 
unknown medication adverse events, and rare diseases.(2)

METHODOLOGY AND QUALITY OF CASE 
SERIES STUDIES

•	 Inclusion criteria - A precise operational definition 
of a “case” is crucial for the reliability of the study.

•	 Sampling - Two strategies are possible: 1) based on 
disease or exposure; 2) based on a specific outcome.

•	 Selection of variables of interest - A detailed 
selection and a clear definition of predictive variables 
of interest are necessary, as well as test results, 
interventions, complications, adverse events, and 
outcomes.

•	 Systematic collection of data and robust analysis - They 
assure the quality of a case series study. 

Table 1 presents a tool for evaluating the methodological 
quality of case series.(2)

Table 1. A tool for evaluating the methodological quality of case series.
Domains Leading explanatory questions

Selection 1. Were all the potentially eligible patients included or is the selection method unclear to the 
extent that other patients with similar presentations may not have been reported?

Definition of exposure 
and outcomes 

2. Was the exposure adequately and clearly defined?
3. Was the outcome adequately and clearly defined?

Causality 4. Were other alternative causes that may explain the observation ruled out?
5. Was there a challenge/rechallenge phenomenon?
6. Was there a dose-response effect?
7. Was follow-up long enough for outcomes to occur?

Reporting 8. Are the cases described with sufficient details to allow other investigators to replicate the 
research or to allow practitioners to make inferences related to their own practice?

Adapted from Murad et al.(2) Questions 4, 5 and 6 are more relevant for adverse drug events.
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ABSTRACT
Objective: To translate the Richards-Campbell Sleep Questionnaire (RCSQ) and Sleep 
in the Intensive Care Unit Questionnaire (SICUQ) to Portuguese, making the appropriate 
cross-cultural adaptations for their use in Brazil, as well as to determine the interobserver 
reliability of the instruments. Methods: In this study, we evaluated medical and surgical 
patients admitted to the adult ICU of the Federal University of Paraná Hospital de 
Clínicas, in the city of Curitiba, Brazil, between June of 2017 and January of 2018. The 
translation and cross-cultural adaptation of the questionnaires involved the following 
steps: translation, synthesis, back-translation, revision by an expert panel, approval 
of the back-translation by the original authors, pretesting, and creation of the final 
versions. Two researchers applied the Portuguese-language versions in the evaluation 
of critically ill patients. Interobserver reliability was assessed by calculating the intraclass 
correlation coefficient (ICC) and 95% CI. Results: The sample comprised 50 patients, of 
whom 27 (54%) were women. The mean age was 47.7 ± 17.5 years. The main reason 
for ICU admission, in 10 patients (20%), was cancer. The interobserver reliability of 
the questionnaires ranged from good to excellent.  For the RCSQ, the ICC was 0.84 
(95% CI: 0.71-0.90). For SICUQ domains 1-5 (sleep quality and daytime sleepiness), 
the ICC was 0.75 (95% CI: 0.55-0.86), whereas it was 0.86 (95% CI: 0.76-0.92) for 
SICUQ domains 6 and 7 (causes of sleep disruption). Conclusions: The cross-culturally 
adapted, Portuguese-language versions of the RCSQ and SICUQ appear to have good 
interobserver reliability. 

Keywords: Sleep; Intensive care units; Sleep deprivation; Surveys and questionnaires; 
Translations; Cross-cultural comparison. 
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INTRODUCTION

Sleep plays an important role in restoring the health 
of individuals who are ill or injured. Sleep disruption is 
associated with immune system dysfunction, decreased 
resistance to infection, changes in nitrogen balance, and 
impaired wound healing, as well as with neurological and 
cardiopulmonary adverse events.(1) In hospitalized patients, 
pain, anxiety, medication effects, and environmental 
stimuli, as well as medical and health care interventions, 
together with the acute illness itself, can affect the quantity 
and quality of sleep.(2,3) 

Significant changes in sleep architecture are seen in ICU 
patients, including severely fragmented sleep, circadian 
rhythm sleep disorders, prolonged sleep latency, frequent 
awakenings, and reduced nighttime sleep efficiency.(4,5) 
Sleep disorders constitute an often overlooked complication, 
the prevalence of which is greater than 50% in critically 
ill patients, especially very critically ill patients and septic 
patients.(6-11) 

Clinical evaluation, objective methods, and subjective 
methods can be used in order to investigate sleep 
disorders. Polysomnography is the gold standard method 
of objective sleep evaluation, providing information on 
sleep stages and cycles.(12) However, polysomnography 
requires appropriate facilities and specially trained 
personnel, meaning that the costs are high and the 
availability is limited in the hospital setting, particularly 
in the ICU.(5,13,14) 

Methods of subjective sleep evaluation include 
questionnaires that are routinely used in clinical practice 
and research. They are used for diagnostic purposes and 
to assess treatment response, as well as being used 
in epidemiological studies and clinical trials. In clinical 
practice, questionnaires are often the only option for 
daily bedside assessment of sleep quality because of 
their low cost, practicality, and rapidity.(9,15,16) Of the 
sleep quality questionnaires that are most commonly 
used in the ICU setting, the Richards-Campbell Sleep 
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Questionnaire (RCSQ) and the Sleep in the Intensive 
Care Unit Questionnaire (SICUQ) have advantages in 
terms of their applicability and content.(17,18) 

The RCSQ and the SICUQ are original English-language 
questionnaires developed for use in English-speaking 
populations. In order to be used in Brazil, they must 
be translated to Portuguese and culturally adapted for 
use in the country. The translation and cross-cultural 
adaptation of a questionnaire should be done with 
great care, with the use of methods recommended in 
the literature.(19-21) 

The objective of the present study was to translate 
the RCSQ and the SICUQ to Portuguese and adapt 
them for use in Brazil, as well as to determine the 
interobserver reliability for assessing sleep quality 
with the two instruments. 

METHODS

The present study was approved by the Research 
Ethics Committee of the Hospital de Clínicas da 
Universidade Federal do Paraná (HC/UFPR, Federal 
University of Paraná Hospital de Clínicas), located 
in the city of Curitiba, Brazil (Ruling no. 2,342,453). 
The study was conducted between June of 2017 and 
January of 2018 in the HC/UFPR adult ICU, which is 
a 14-bed ICU with private rooms. 

The RCSQ(17) is used in order to assess sleep quality 
in eligible ICU patients. It has been validated against 
polysomnographic recordings, showing excellent internal 
consistency and moderate correlation. The RCSQ is a 
five-item self-report questionnaire that is used in order 
to assess perceived sleep depth, sleep latency (time 
to fall asleep), and number of awakenings, as well as 
sleep efficiency and quality. The original RCSQ was 
subsequently adapted to include a sixth item, namely, 
perceived nighttime noise.(22-24) Each RCSQ item is 
scored on a visual analog scale ranging from 0 mm to 
100 mm, with higher scores representing better sleep. 
The mean score of the five items is known as the total 
score and represents the overall perception of sleep. 

The SICUQ(18) is used in order to assess sleep 
quality in critically ill patients, as well as for collecting 
data on factors affecting sleep in the ICU, including 
environmental factors and routine patient care 
activities. On a scale of 1 to 10 (with 1 being “poor” 
and 10 being “excellent”), patients rate the overall 
quality of their sleep at home and in the ICU, rating 
the overall quality of their sleep on the first night in 
the ICU, during the middle of their ICU stay, and at the 
end of their ICU stay. Also on a scale of 1 to 10 (with 
1 being “unable to stay awake” and 10 being “fully 
alert and awake”), patients rate the overall degree 
of daytime sleepiness during their ICU stay, rating 
the overall degree of daytime sleepiness on the first 
day in the ICU, during the middle of their ICU stay, 
and at the end of their ICU stay. Again on a scale of 
1 to 10 (with 1 being “no disruption” and 10 being 
“significant disruption”), patients rate how disruptive 
environmental stimuli were to their sleep during their 

ICU stay, including noise, light, nursing interventions 
(baths), testing (chest X-rays), assessment of vital 
signs, collection of blood samples, and administration 
of medications. As in another study,(25) participants in 
the present study rated how disruptive pain was to 
their sleep during their ICU stay. Finally (and yet again 
on a scale of 1 to 10, with 1 being “no disruption” and 
10 being “significant disruption”), patients rate how 
disruptive certain noises were to their sleep during 
their ICU stay, including the following: heart monitor 
alarm; ventilator sounds and alarms; sounds of pulse 
oximetry; communications between staff members; 
intravenous pump alarms; nebulizer sounds; suctioning 
sounds; television sounds; and telephone sounds. 

The present methodological study was approved by 
Dr. Kathy Richards, first author of the original RCSQ, 
and Dr. Neil Freedman, first author of the original 
SICUQ.(17,18) Both questionnaires were originally 
developed in English, in the USA.(17,18) The RCSQ has 
been translated to and validated for use in German, 
Chinese, and Farsi.(26-28) 

The RCSQ and SICUQ were translated to Portuguese 
and adapted for use in Brazil in accordance with 
internationally accepted guidelines.(21,29-31) The protocol 
included the following steps: 1) permission and 
rights of use granted by the original authors of the 
questionnaires, followed by translation from English to 
Brazilian Portuguese by two independent translators (T1 
and T2), native speakers of Portuguese and fluent in 
English, with one of the translators being familiar with 
the original questionnaires and aware of the objectives 
of the study and the other being unfamiliar with the 
original questionnaires and unaware of the objectives 
of the study; 2) synthesis of the translations: T1 and 
T2, together with our research group, analyzed the 
two translations and used a consensus approach 
to resolve discrepancies; 3) back-translation: the 
consensus version was back-translated to English 
by two independent translators, native speakers 
of English and fluent in Portuguese, both of whom 
were unfamiliar with the original versions of the 
questionnaires; 4) review and revision by an expert 
panel: a multidisciplinary expert panel consisting of 
one specialist in methodological research, physicians, 
physical therapists, and all translators compared the 
original questionnaires and the back-translations in 
order to identify discrepancies and make the necessary 
adjustments, thus arriving at the final versions of the 
back-translations of the questionnaires; 5) approval 
from the original authors: the final versions of the 
back-translations of the questionnaires were sent to 
the original authors for verification and comments, 
which were subsequently reviewed by the expert panel, 
the pretest versions of the questionnaires being thus 
arrived at; 6) pretesting among the target population 
and final versions of the questionnaires: two raters (R1 
and R2), both of whom were ICU physical therapists, 
underwent standardized training in using and scoring the 
pretest versions of the questionnaires. Subsequently, 
11 patients participated in a pilot study, in which the 
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questionnaires were administered in accordance with 
the methods described in the original papers.(17,18) This 
was done in order to identify difficulties in administering 
the questionnaires and arrive at the final Brazilian 
Portuguese versions of the questionnaires (Figure 1). 

All data were collected blindly and independently. The 
questionnaire administration time was approximately 
30 min, and the functions of rater and observer were 
swapped every 5 patients. Each rater was responsible 
for half of the evaluations. In an attempt to avoid bias, 
the scoring sheets were separate and there was no 
communication between the raters. The collected data 
included age, sex, reason for ICU admission, length 
of ICU stay, use of mechanical ventilation, use of 
vasoactive drugs, and Acute Physiology and Chronic 
Health Evaluation II scores.(29) 

Ours was a convenience sample of medical and surgical 
patients. The inclusion criteria were as follows: being 
18 years of age or older, having stayed in the HC/
UFPR ICU for at least 72 h, and having given written 
informed consent. The exclusion criteria were as follows: 
presenting with delirium, as assessed by the Confusion 
Assessment Method for Intensive Care Unit(30); having 
a Glasgow Coma Scale score of < 15 or < 11T (using 
an endotracheal tube or having a tracheostomy)(31); 
having a Richmond Agitation-Sedation Scale score of 
< 0 (being sedated) or > 0 (being nonsedated)(32); 
and being unable to understand Portuguese, write, 
or score the answers. Screening for eligible patients 
and data collection were performed by R1 one hour 
before the administration of the questionnaires, at 
approximately 9:00 a.m. 

All statistical analyses were performed with the 
IBM SPSS Statistics software package, version 22.0 
(IBM Corporation, Armonk, NY, USA). The normality 
and homogeneity of the data were checked with 
the Kolmogorov-Smirnov test. Participant clinical 
and demographic characteristics were expressed 
as frequency, mean, and standard deviation, or as 
median and interquartile range. Interobserver reliability 
and reproducibility were assessed by the intraclass 
correlation coefficient (ICC) and 95% CI for the RCSQ 
(mean total scores), as well as for SICUQ domains 1-5 
and SICUQ domains 6 and 7 (mean domain scores). 
With regard to interobserver reliability, an ICC of < 0 
indicated no reliability; an ICC of 0.00-0.20 indicated 
poor reliability; an ICC of 0.21-0.40 indicated fair 
reliability; an ICC of 0.41-0.60 indicated moderately 
good reliability; an ICC of 0.61-0.80 indicated good 
reliability; and an ICC of 0.81-1.00 indicated excellent 
reliability.(33) The level of significance was set at p < 0.05. 

Sample size was calculated by using the methodology 
set forth by Terwee et al.,(34) who recommend a total of 
4-10 patients for each questionnaire item in a sample 
of at least 50 patients. 

RESULTS

The RCSQ and the SICUQ were initially translated to 
Brazilian Portuguese by two independent translators 
(T1 and T2). A consensus approach was used in order 
to resolve discrepancies, which were found to be few 
and minor. A decision was made to prioritize terms 
and phrases familiar to the Brazilian population. For 

Original version

Translation 1 Translation 2

Consensus version

2 translators

Expert panel

Version 1

Pretesting Evaluation by the
expert panel

Final version

BACK-TRANSLATION
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ng

Figure 1. Flow chart of the process of translation and cross-cultural adaptation of the questionnaires. 
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instance, RCSQ term “noise” was translated as barulho 
rather than as ruído; SICUQ terms “poor”, “stay”, and 
“disruption” were translated as ruim, permanência, and 
interrupção, respectively, rather than as pobre, estadia, 
and disruptivo, respectively. The original authors of 
the RCSQ and SICUQ made very few changes to the 
back-translations because they were found to be very 
similar to the original versions of the questionnaires. 

During the expert panel meeting, there was a high 
level of agreement regarding most of the items on the 
pretest versions of the questionnaires. Special attention 
was given to RCSQ item 2, namely, sleep latency. 
Although the term can be literally translated as latência 
do sono, a decision was made to use the term tempo 
para dormir (time to fall asleep) because patients might 
not understand the term latência (latency). SICUQ item 
3 can be rated from 0 to 10, with 1 being “no sleep” 
and 10 being “excellent”. The terms refer to the overall 
quality of sleep in the ICU on specific days, and although 
the term “no sleep” can be translated as não durmo or 
não consigo dormir, the expert panel suggested that the 
term be translated as ruim (poor, as in “poor quality of 
sleep”). The same was done for SICUQ items 1 and 2, 
which also rate the quality of sleep from 0 to 10, with 
1 being “no sleep” and 10 being “excellent”. All items 
are summarized in Tables 1 and 2. 

During pretesting, raters reported no difficulty 
administering the questionnaires, reporting that 
patients had no difficulty understanding the questions. 
Therefore, no additional changes were made to the final 
versions of the questionnaires. The RCSQ and SICUQ 
were rapidly administered (administration time, 2-3 
min and 4-5 min, respectively). 

A total of 50 patients met the criteria for inclusion 
in the present study. Of those 50 patients, 27 (54%) 
were female. The mean age of the participants was 
47.7 ± 17.5 years, with cancer being the most common 
reason for ICU admission, in 10 patients (20%). Of the 
50 participants, 1 (2%) was on mechanical ventilation, 
2 (4%) underwent tracheostomy, and 2 (4%) were on 
sedatives at the time of evaluation but met the eligibility 
criteria, as assessed by the Richmond Agitation-Sedation 
Scale(32) and the Confusion Assessment Method for 
Intensive Care Unit.(30) Table 3 shows the demographic 
and clinical characteristics of the study participants, 
and Table 4 shows the questionnaire scores. 

RCSQ scores were similar between R1 and R2. 
Interobserver reliability was excellent (ICC = 0.84; 
95% CI: 0.71-0.90; p < 0.001). 

SICUQ scores were similar between R1 and R2. 
Interobserver reliability was good for SICUQ domains 
1-5 (ICC = 0.75; 95% CI: 0.55-0.86; p < 0.001) and 
excellent for SICUQ domains 6 and 7 (ICC = 0.86; 
95% CI: 0.76-0.92; p < 0.001). 

DISCUSSION

There has been an increasing number of studies 
evaluating sleep quality in the ICU because of increasing 
concerns with the quality of ICU stay and its impact 

on the mental, cognitive, and physical health of 
patients surviving a critical illness.(35) Questionnaires 
have been developed in order to assess sleep quality 
in ICU patients. Questionnaires allow short- and 
long-term evaluation of a larger number of patients 
than does polysomnography, as well as allowing the 
implementation of effective interventions to improve 
sleep quality.(5) 

The present study provides health professionals 
in Brazil with access to two questionnaires that can 
improve the quality of the care provided to critically ill 
patients in the ICU and be used in order to compare 
results across studies.(21) 

In the present study, the RCSQ and SICUQ were 
translated to Portuguese and adapted for use in Brazil, 
and every effort was made to maintain the reliability of 
the original instruments.(36) Simple literal translations 
are insufficient for health questionnaires because of 
relevant cultural and socioeconomic differences across 
target populations.(19) According to Behling & Law,(37) 
cross-cultural adaptation is a process that should be 
approached with care and address technical, linguistic, 
and semantic issues. 

Interobserver reliability was excellent for the Brazilian 
Portuguese version of the RCSQ, with an ICC of 0.84. 
This finding is consistent with those of Chen et al.,(24) 
who found excellent interobserver reliability for the 
Chinese version of the questionnaire, with an ICC of 
0.91. The Farsi version of the RCSQ was found to have 
good reliability, with an ICC of 0.71.(25) 

The original RCSQ was validated against 
polysomnography in a sample of 70 critically ill patients, 
and the data supported the reliability and validity of 
the questionnaire.(17) Patients in the ICU can present 
with delirium, receiving intense sedative regimens; 
this limits the applicability of the RCSQ and can reduce 
the potential sample size by half.(22) This can partially 
explain the small sample size of our study. 

Although the SICUQ has yet to be validated against 
polysomnography and via reproducibility studies, the 
original study in which the SICUQ was developed(18) 
examined 203 patients and factors contributing to sleep 
disruption. The SICUQ assesses quality of sleep at 
home, daytime sleepiness, sleep disruption caused by 
patient care activities, and sleep disruption caused by 
environmental factors, none of which are assessed by 
the RCSQ. Studies using this questionnaire(24,37,38) have 
shown positive results regarding the implementation 
of protocols for sleep promotion in the ICU setting 
and post-ICU evaluation, confirming its utility in 
clinical practice. 

One issue to be addressed is the lack of strict criteria 
for the use of assessment instruments developed for 
use elsewhere. Failure to adapt the contents to the 
target population can undermine the quality of the 
data being collected and, consequently, invalidate 
study results.(39,40) 

The present study has some limitations that should 
be noted. Our sample size was small because patients 
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Table 2. Translations performed by translators 1 and 2, together with the final version of the Sleep in the Intensive 
Care Unit Questionnaire for use in Brazil. 
Item Original version Translator 1 Translator 2 Final version

1 Rate the overall quality of 
your sleep at home.
Use a scale of 1 to 10 (1 is 
poor; 10 is excellent)

Avalie a qualidade geral do 
seu sono em casa.
Use uma escala de 1 a 10 
(1 = pobre, 10 = excelente)

Classifique a qualidade 
global do seu sono em 
casa. Utilize uma escala 
de 1 a 10 (1 = ruim, 10 = 
excelente)

Classifique a qualidade 
global do seu sono em 
casa.
Utilize uma escala de 
1 a 10 (1 = ruim, 10 = 
excelente)

2 Rate the overall quality of 
your sleep in the ICU. Use a 
scale of 1 to 10 (1 is poor; 
10 is excellent)

Avalie a qualidade geral do 
seu sono na UTI.
Use uma escala de 1 a 10 
(1 = pobre, 10 = excelente)

Classifique a qualidade 
global do seu sono na 
UTI. Utilize uma escala 
de 1 a 10 (1 = ruim, 10 = 
excelente)

Classifique a qualidade 
global do seu sono na UTI.
Utilize uma escala de 
1 a 10 (1 = ruim, 10 = 
excelente)

3 Rate the overall quality of 
your sleep in the ICU on 
the following days: (1 is no 
sleep; 10 is excellent)
- On the first night in the 
ICU
- During the middle of your 
ICU stay
- At the end of your ICU 
stay

Avalie a qualidade geral do 
seu sono na UTI nos dias 
seguintes: (1 = não dorme, 
10 = excelente)
- Na primeira noite na UTI
- Durante a metade da sua 
estadia na UTI
- No final da sua estadia 
na UTI

Classifique a qualidade 
global do seu sono na UTI 
nos seguintes dias: (1 = não 
dorme, 10 = excelente)
- Na primeira noite na UTI
- Durante a metade da sua 
permanência na UTI
- No final da sua 
permanência na UTI

Classifique a qualidade 
global do seu sono na UTI 
nos seguintes dias: (1 não 
dorme /a1 = ruim, 10 = 
excelente)
- Primeira noite na UTI
- Durante a metade da sua 
permanência na UTI
- No final da sua 
permanência na UTI

4 Rate the overall degree of 
daytime sleepiness during 
your ICU stay:
(1 is unable to stay awake; 
10 is fully alert and awake)

Avalie o grau geral de 
sonolência diurna durante 
sua estadia na UTI:
(1 = incapaz de ficar 
acordado/a, 10 = 
totalmente alerta e 
acordado/a)

Classifique o nível global de 
sonolência diurna durante 
sua permanência na UTI:
(1 = incapaz de ficar 
acordado/a, 10 = 
totalmente alerta e 
acordado/a)

Classifique o nível global de 
sonolência diurna durante 
sua permanência na UTI:
(1 = incapaz de ficar 
acordado/a, 10 = 
totalmente alerta e 
acordado/a)

5 Rate the overall degree 
of daytime sleepiness 
during your ICU stay on the 
following days:
(1 is unable to stay awake; 
10 is fully alert and awake)
- On the first night in the 
ICU
- During the middle of your 
ICU stay
- At the end of your ICU 
stay

Avalie o grau geral de 
sonolência diurna durante 
sua estadia na UTI nos dias 
seguintes:
(1 = incapaz de ficar 
acordado/a; 10 = 
totalmente alerta e 
acordado/a)
- Na primeira noite na UTI
- Durante a metade da sua 
estadia na UTI
- No final da sua estadia 
na UTI

Classifique o nível global de 
sonolência diurna durante 
sua permanência na UTI 
nos seguintes dias:
(1 = incapaz de ficar 
acordado/a; 10 = 
totalmente alerta e 
acordado/a)
- Na primeira noite na UTI
- Durante a metade da sua 
permanência na UTI
- No final da sua 
permanência na UTI

Classifique o nível global de 
sonolência diurna durante 
sua permanência na UTI 
nos seguintes dias:
(1 = incapaz de ficar 
acordado/a; 10 = 
totalmente alerta e 
acordado/a)
- Primeira noite na UTI
- Durante a metade da sua 
permanência na UTI
- No final da sua 
permanência na UTI

6 Rate how disruptive the 
following activities were 
to your sleep during your 
ICU stay.
Use a scale of 1 to 10 
(1 is no disruption; 10 is 
significant disruption)
- Pain
- Noise
- Light
- Nursing Interventions (i.e. 
baths)
- Diagnostic Testing (i.e. 
chest x-rays)
- Vital Signs (blood 
pressure, pulse, 
temperature)
- Blood Samples
- Administration of 
Medications

Avalie o grau de disruptiva 
as seguintes atividades 
foram para seu sono 
durante sua estadia na UTI.
Use uma escala de 1 a 10 
(1 = não interrompe, 10 = 
interrupção significativa)
- Dor
- Barulho
- Luz
- Intervenções da 
enfermagem (ou seja, 
banhos)
- Testes de diagnóstico (ou 
seja, radiografias de tórax)
- Sinais vitais (pressão 
sanguínea, pulso, 
temperatura)
- Amostras de sangue
- Administração de 
medicamentos

Classifique o nível de 
interrupção do seu 
sono para as seguintes 
atividades durante sua 
permanência na UTI.
Use uma escala de 1 a 10 
(1 = sem interrupção, 10 = 
interrupção significativa)
- Dor
- Barulho
- Luminosidade
- Intervenções da 
enfermagem (isto é, 
banhos)
- Testes de diagnóstico (isto 
é, radiografias de tórax)
- Sinais vitais (pressão 
arterial, pulso, 
temperatura)
- Amostras de sangue
- Administração de 
medicamentos

Classifique o nível de 
interrupção do seu 
sono para as seguintes 
atividades durante sua 
permanência na UTI.
Use uma escala de 1 a 10 
(1 = sem interrupção, 10 = 
interrupção significativa)
- Dor
- Barulho
- Luminosidade
- Cuidados de enfermagem 
(banhos)
- Exames (radiografias de 
tórax)
- Sinais vitais (pressão 
arterial, pulso, 
temperatura)
- Coletas de sangue
- Administração de 
medicamentos

aChange made after a meeting with the expert panel. 
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Table 3. Demographic and clinical characteristics of patients completing the Brazilian Portuguese versions of the 
Richards-Campbell Sleep Questionnaire and Sleep in the Intensive Care Unit Questionnaire (N = 50).a

Variable Result
Age, years 47.7 ± 17.5
Female sex 27 (54)
APACHE II 14.9 ± 8.5
Reason for ICU admission
    Cancer
    Respiratory disease
    Gastrointestinal disease
    Neurological disease
    Heart disease
    Liver disease
    Kidney disease
    Pregnancy
    Poisoning
    Neuromuscular disease
    Endocrine disease
    Infectious disease

10 (20)
8 (16)
6 (12)
5 (10)
5 (10)
4 (8)
3 (6)
3 (6)
2 (4)
2 (4)
1 (2)
1 (2)

Charlson comorbidity index 1.3 ± 1.7
Smokers 10 (20)
Length of previous ICU stay, days 2.2 ± 4.4
Total length of ICU stay, days 3.5 [3-7]
Use of mechanical ventilation 1 (2)
Duration of mechanical ventilation, days 0 [0-1]
Tracheostomy 2 (4)
Drugs used in the ICU
    Analgesics 44 (88)
    Sedatives 2 (4)
    Anxiolytics 4 (8)
    Vasoactive drugs 11 (22)
Level of consciousness/agitation and sedation at the time of evaluation
GCS score = 15 or = 11T
RASS score = 0

48 (96)
2 (4)

APACHE II: Acute Physiology and Chronic Health Evaluation; GCS: Glasgow Coma Scale; and RASS: Richmond Agitation-
Sedation Scale. aValues expressed as mean ± SD, n (%), or median [interquartile range]. 

Item Original version Translator 1 Translator 2 Final version
7 Rate how disruptive the 

following noises were to 
your sleep during your ICU 
stay.
(1 is no disruption; 10 is 
significant disruption)
- Heart Monitor Alarm
- Ventilator Alarm
- Ventilator
- Oxygen Finger Probe
- Talking
- I.V. Pump Alarm
- Suctioning
- Nebulizer
- Doctor’s Beepers
- Television
- Telephone

Avalie o grau de disruptivo 
os seguintes ruídos foram 
para seu sono durante sua 
estadia na UTI.
(1 = não interrompe, 10 = 
interrupção significativa)
- Alarme do monitor 
cardíaco
- Alarme do ventilador
- Ventilador
- Oximetria de pulso
- Conversas
- Alarme da bomba de 
infusão
- Sucção
- Nebulizador
- Telefone do médico
- Televisão
- Telefone

Classifique o nível de 
interrupção do seu sono 
para os seguintes barulhos 
durante sua permanência 
na UTI.
(1 = sem interrupção, 10 = 
interrupção significativa)
- Alarme do monitor 
cardíaco
- Alarme do ventilador
- Ventilador
-  Oximetria de pulso
- Conversas
- Alarme da bomba infusora
- Vácuo de sucção
- Nebulizador
- Telefone do médico
- Televisão
- Telefone da unidade

Classifique o nível de 
interrupção do seu sono 
para os seguintes barulhos 
durante sua permanência 
na UTI.
(1 = sem interrupção, 10 = 
interrupção significativa)
- Alarme do monitor 
cardíaco
- Alarme do ventilador
- Ventilador
- Oximetria de pulso
- Conversas
- Alarme da bomba infusora
- Vácuo de sucção
- Nebulização
- Telefone do médico
- Televisão
- Telefone da unidade

aChange made after a meeting with the expert panel. 

Table 2. Continued...
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must remain awake and be cognitively capable of 
understanding the questions in order to complete 
the questionnaires. These criteria make it difficult to 

identify eligible ICU patients. Another limitation is that 
questionnaires are not the gold standard for assessing 
sleep quality in the ICU; however, methods such as 
polysomnography are highly complex and expensive. 
Therefore, questionnaires are an alternative method 
for assessing sleep quality in critically ill patients and 
implementing interventions to improve it. Future studies 
should examine the psychometric properties of the 
RCSQ and SICUQ, testing their construct validity and 
internal consistency. 

In summary, the Brazilian Portuguese versions of 
the RCSQ and SICUQ have good inter-rater reliability 
and can therefore be used in order to assess sleep 
quality in adult ICU patients in Brazil. 
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Table 4. Total scores on the Brazilian Portuguese versions 
of the Richards-Campbell Sleep Questionnaire and Sleep in 
the Intensive Care Unit Questionnaire for raters 1 and 2.a

Questionnaire/rater Score
RCSQ
    R1 34.3 [23.6-49.8]
    R2 37.9 [21.5-52.3]
SICUQ
    R1-Domains 1 to 5 6.2 ± 2.0
    R2-Domains 1 to 5 6.1 ± 2.3
    R1-Domains 6 and 7 3.1 ± 1.5
    R2-Domains 6 and 7 3.2 ± 1.7
RCSQ: Richards-Campbell Sleep Questionnaire; 
SICUQ: Sleep in the Intensive Care Unit Questionnaire; 
R1: rater 1; and R2: rater 2. aValues expressed as 
median [interquartile range] or mean ± SD.
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ABSTRACT
Objective: This study aimed to assess the adequacy of venous thromboembolism 
(VTE) prophylaxis prescription after a protocol implementation. Methods: This was 
a before‑and‑after study conducted in a tertiary care hospital in Rio Grande do Sul, 
Southern Brazil. Medical and surgical inpatients aged 18 years or older were assessed 
for VTE risk and subsequently for thromboprophylaxis adequacy, according to their 
risk. The evaluations occurred before and after the protocol strategy implementation; it 
consisted of an online platform to access the protocol, a public posting of the protocol 
diagram, clinical alerts on the medical staff TV, e-mail alerts, and pop-up alerts on 
the computerized physician order entry system. The main outcome measure was the 
adequacy of VTE prophylaxis prescription according to the protocol. Results: A total of 
429 patients were evaluated for thromboprophylaxis adequacy (213 before and 216 after). 
The prevalence of adequacy increased from 54% to 63% (pre and post‑intervention, 
respectively), and after adjustment for patient type and phase of the study, the prevalence 
ratio reached (PR)=1.20, 95% confidence interval (CI) 1.02-1.42. Conclusion: The 
results showed that the overall appropriateness of thromboprophylaxis prescription 
was weakly improved. Despite these results, this study provides evidence to date a 
bunch of strategies for protocol implementations in private institutions in middle‑income 
countries with an open medical staff, as there are few studies investigating these simple 
and pragmatic interventions.

Keywords: Venous thromboembolism; Guideline adherence; Prevention; 
Thromboprophylaxis.
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INTRODUCTION

Venous thromboembolism (VTE), encompassing deep 
vein thrombosis (DVT) and pulmonary embolism (PE), is 
a common condition in populations with chronic diseases, 
especially in hospitalized patients.(1) Epidemiologic 
studies report that about 900,000 people are affected 
each year in the United States.(2) The mortality in the 
United Kingdom is estimated in 25,000 deaths from 
preventable hospital-acquired VTE every year,(3) while 
in Brazil the estimates are probably underreported: 
less than 2,000 deaths due to DVT and PE in 2015.(4)

In hospitals, VTE is a major cause of morbidity and 
mortality(5) and, despite efforts to guide evidence-based 
practice,(3,6) thromboprophylaxis rates remain low 
worldwide.(7,8) Factors related to healthcare resources, 
medical staff and reimbursement patterns have been 

associated with low protocol adherence and, consequently, 
VTE prophylaxis inadequacy.(9)

In this regard, quality improvement (QI) strategies 
to engage hospital staff and increase prescription of 
prophylaxis(6,8,10) have been tested, though methods 
such as multifaceted interventions still require further 
study.(11) Kahn et al.(5,7) have suggested that multifaceted 
interventions with an alert component may be the most 
effective initiative to improve thromboprophylaxis in 
hospitalized patients, highlighting the importance of 
context with respect to the adoption of specific QI 
interventions.(12) Thus, this study aimed to describe a 
pragmatic intervention for a protocol implementation, which 
included a computerized alert for prescribers and assess 
the adequacy of the prescriptions to thromboprophylaxis 
before and after this implementation.
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METHODS

Design
This was a before and after study performed at 

Hospital Moinhos de Vento (HMV), a 380-bed private 
non-profit tertiary hospital in Rio Grande do Sul, Brazil.

Participants
In both phases, patients were prospectively 

interviewed according to their availability to answer 
the questionnaire. Eligible participants included those 
admitted for one day or longer for medical or surgical 
conditions. Patients were not eligible if they met any 
of the following exclusion criteria: (1) age younger 
than 18 years old; (2) VTE diagnosis at admission; 
(3) anticoagulant treatment at admission; (4) direct 
admission to an intensive care unit; (5) length of 
stay above 120 days; or (6) pregnancy. Patients were 
classified as medical or surgical based on the reason 
for admission.

Procedures
Data regarding VTE risk factors such as, bleeding 

risk, admitting specialty and surgical procedure were 
obtained through interviews and chart reviews, and 
recorded on a data collection form. Pharmacological 
prophylaxis data were abstracted from the electronic 
medical record (EMR) system.

Physicians with management VTE expertise and clinical 
research participated in planning all phases of the 
study, including testing the form before its application. 
The interviews were conducted by pharmacists and 
nurses previously trained. The same form was used 
for both phases of the study. The baseline collection 
occurred in 2014, before the protocol implementation.

The local VTE prophylaxis protocol was developed 
based on the 9th Edition of the American College of 
Chest Physicians (ACCP) Evidence-Based Clinical Practice 
Guidelines.(13) For VTE risk evaluation, the protocol 
applies the Padua Prediction Score risk assessment 
model(14) for medical patients, while for surgical 
patients risk is assessed according to patient-specific 
characteristics, incorporating surgery-specific risk in 

addition to medical factors.(15) According to the local 
protocol, pharmacologic prophylaxis must be considered 
for patients at risk for VTE who are not at high risk for 
major bleeding complications. For medical patients, the 
thromboprophylaxis was considered adequate when 
patients were at high risk for VTE, without risk of bleeding, 
and received the first prescription of anticoagulant up 
to 24 hours of their admission. For surgical patients, 
the appropriate prescription was defined when they 
were at intermediate or at high risk of VTE, without 
risk of bleeding, and received the first prescription of 
anticoagulation up to 24 hours after surgery.

Risk of bleeding was considered present if a patient had 
multiple risk factors such as (1) active gastroduodenal 
ulcer; (2) bleeding (episodes that required transfusion, 
hospitalization or surgical intervention for control, excluding 
dental, nasal and skin-related, and hemorrhoids) over 
the 3 months before admission; or (3) had a platelet 
count <50,000 per mm3.(13) An International Normalized 
Ratio (INR) >1.5 was considered as an additional risk 
factor for bleeding. If no platelet count or INR test were 
available (or requested) and no risk factors identified 
during the interview, the risk of bleeding was assumed 
as low or absent. Recommended thromboprophylaxis is 
presented in Table 1. The protocol does not recommend 
an adjusted-dose vitamin K antagonist or aspirin for 
thromboprophylaxis. Mechanical prophylaxis was 
recommended only if pharmacological prophylaxis 
was contra-indicated.

The protocol development was the first component 
of the intervention. All recommendations previously 
described were implemented through a web-based 
platform called IPROTOCOLOS that allows easy access 
to clinical pathways. The strategies described in 
Table 2 were developed and implemented along with 
IPROTOCOLOS tool.

The second phase of the data collection was performed 
in 2015, after the implementation of all components 
of the intervention.

In both phases, the enrollment stopped when the 
exact number of patients defined in the sample size 
calculation was achieved.

Table 1. Pharmacological thromboprophylaxis recommended.

Type of patient Recommendation
Medical and surgical LMWH Enoxaparin 40mg, subcutaneously, every 24h; 40mg, 

subcutaneously, every 12h if patient >140kg
OR

UFH Sodium heparin 5,000IU subcutaneously every 12h; 5,000IU 
subcutaneously every 8h if patient >140kg
OR

Fondaparinux 2.5mg every 24h (just for patients under risk for 
thrombocytopenia induced by heparin)

Orthopedic surgery only Direct thrombin inhibitors Rivaroxaban 10mg, every 24h
OR
Dabigatran 220mg, every 24h

LMWH: Low molecular weight heparin; UFH: Unfractionated heparin.
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Sample size calculation and statistics
The sample size was calculated considering a p-value of 

0.05, 90% power, a 50% rate of VTE thromboprophylaxis 
adequacy prior to protocol implementation, and an 
expected absolute increase of 16% in adequacy following 
protocol implementation.(16) These parameters required 
396 patients. In order to ensure the required sample, we 
planned a 10% enrollment increase, considering possible 
inadequate information provided by participants that 
would leave to withdraws. Therefore, the final sample 
size was 436 patients (218 in each of the study’s phases).

Patient characteristics are expressed as mean and 
standard deviation or median and interquartile range 
for continuous variables, and frequency and percentage 
for categorical variables. Group comparisons between 
the two study phases were made using the t-test 
or a non-parametric test for continuous variables, 
and the chi-square test for categorical variables. 
Chi-square testing was used to detect differences in 
adequacy between 2014 and 2015 (before and after 
implementation).

Poisson regression with robust variance was used 
to calculate prevalence ratio (PR) of adequacy (95% 
confidence interval) when controlled by phase and 
type of patient (medical or surgical).

All reported p-values are two-tailed. p<0.05 was 
considered statistically significant. The data were 
analyzed using Stata/IC 15 (StataCorp LLC, TX).

Ethics approval
The study was approved by the HMV Ethics Research 

Board under number 700.551. All procedures were in 
accordance with national ethics guidelines(17) and with 
the 1964 Helsinki declaration.(18) All patients provided 
written informed consent prior to involvement in this 
study.

RESULTS

We interviewed a total of 454 patients, 227 patients 
in each phase (before and after implementation). 
Of these, we excluded 25 patients (14 in the first phase 

and 11 in the second phase): 4 patients who had been 
previously included during the ongoing hospitalization 
(duplicated), 3 with a length of stay above 120 days 
and 18 admitted for the treatment of VTE or receiving 
anticoagulant treatment on admission. At the end of 
the study, we assessed a total of 429 patients for 
thromboprophylaxis adequacy (213 before protocol 
implementation and 216 after).

Table 3 summarizes the characteristics of patients 
included in the two phases. The main differences between 
patients included in both phases were the length of 
stay (two days more in the second phase than in the 
first phase, p < 0.05), the type of patient according 
to admission service (greater proportion of surgical 
patients in the first phase, p < 0.01), and proportion 
of acute infection or rheumatologic disorder (which 
was almost doubled in the second phase, p < 0.01). 
Considering the VTE risk factors, reduced mobility 
and age over 70 years old were the more prevalent 
in both phases.

Patients at intermediate or high risk of VTE represented 
more than three quarters of the patients evaluated 
in both phases. Considering the contraindication to 
pharmacological prophylaxis, active ulcer and bleeding 
at hospital admission were the only variables evaluated, 
since the platelet count and INR were unavailable for 
43.5% and 87.5% of the patients, respectively.

The thromboprophylaxis more frequently prescribed 
was unfractionated heparin before and after the protocol 
implementation (Table 4), followed by low molecular 
weight heparin. In our sample, we did not find either 
oral anticoagulants prescribed for VTE prophylaxis or 
mechanical prophylaxis.

Overall thromboprophylaxis adequacy was 54% before 
the intervention and 63% after the intervention, a 9% 
increase in the appropriateness of thromboprophylaxis 
prescription which did not achieve statistical significance 
(p=0.06). Table  5 demonstrates the prevalence 
by type of patient, showing that the increase in 
thromboprophylaxis was due to surgical patients 
(PR=1.33; 95% CI 1.09-1.62). The prevalence ratio 
of after vs before intervention overall adequacy of 

Table 2. Pragmatic strategy.

Component Description
Clinical Practice 
Guideline flowchart

Three simplified flowcharts for orthopedic and non-orthopedic surgical and medical patients 
were developed. Protocols were posted in the physician common area. Another flowchart 
with the complete protocol information for surgical patients was posted at the surgical 
facility.

Clinical alerts on 
medical staff television

Televisions used for physician updates were used to convey information about the VTE 
protocol. The information consisted of a visual model of a flowchart with the following text: 
Venous thromboembolism: your engagement is key to reduce this risk - Access the platform

E-mail alerts E-mail alerts were sent to medical staff informing about the protocol and the link for its 
access.

Computerized alerts for 
prescribers

This strategy consisted of a pop-up alert upon the first prescription and at 24h, 48h, and 
7 days after admission (for any prescriber accessing the computerized physician order 
entry system). The alert was shown only for patients aged 18 or more with the following 
information: “Dear Doctor (name of the attending physician): it is essential that you assess 
venous thromboembolism risk for your patient and prescribe appropriate prophylaxis.”

VTE: Venous Thromboembolism.
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thromboprophylaxis increase significantly (PR=1.20; 
95% CI 1.02-1.42), just when adjusted for patient 
type and phase of the study.

DISCUSSION

We describe the results of a pragmatic intervention 
for a protocol implementation in a tertiary hospital in 
Southern Brazil. The intervention started through a 
web-based platform allowing easy access to clinical 

pathways, followed by other simple initiatives, 
together with an electronic alert for prescribers 
physicians. Although there are limitations to assume 
that the changes in adequacy are exclusively due to 
the strategies applied,(20) the results found suggest 
some future considerations for the decision making 
using such simple interventions. The findings of our 
implementation are discussed as follows.

First, the main result regarding the overall appropriateness 
of thromboprophylaxis prescription, after protocol 

Table 3. Characteristics of patients included in the two phases of the study.

Variable Before (n=213) After (n=216) p-value*
Age, median years (Q1; Q3) 64 (46;77) 67.5 (50.5;79.5) 0.135
Female sex, n (%) 131 (61.5) 131 (60.6) 0.856
Body-mass index (kg/m2), mean (SD) 26.5 (4.9) 26.1 (4.8) 0.387
Length of stay,a median days (Q1, Q3) 9 (3;19) 11 (6;22) <0.05
Admission service
Medical, n (%) 82 (38.5) 120 (55.1) <0.01
Surgical, n (%) 132 (61.5) 98 (44.9)
Risk factors for VTE
Active cancer,b n (%) 47 (22.1) 43 (19.9) 0.583
Previous VTE, n (%) 22 (10.3) 16 (7.4) 0.287
Reduced mobility,c n (%) 130 (61.0) 145 (67.1) 0.188
Thrombophilia, n (%) 2 (0.94) 4 (1.8) 0.421
Age ≥70 years, n (%) 88 (41.3) 99 (45.8) 0.345
Heart and/or respiratory failure, n (%) 41 (19.2) 44 (20.4) 0.771
Acute myocardial infarction or ischemic stroke, n (%) 5 (2.3) 6 (2.8) 0.778
Acute infection or rheumatologic disorder, n (%) 50 (23.5) 91 (42.1) <0.01
Obesity (BMI ≥ 30 Kg/m2), n (%) 43 (20.2) 46 (21.3) 0.777
Hormonal treatment, n (%) 23 (10.8) 17 (7.9) 0.297
Patients at intermediate or high risk of VTEd 181 (85.0) 171 (79.2) 0.117
Contraindication to pharmacological prophylaxise

Active gastroduodenal ulcer, n (%) 8 (3.8) 6 (2.8) 0.569
Bleeding at hospital admission, n (%) 29 (13.5) 17 (7.9) 0.060
Q1: first quartile; Q3: third quartile; SD: standard deviation; VTE: Venous Thromboembolism; BMI: Body Mass 
Index. *p value of Pearson χ2 test for categorical variables and of Wilcoxon rank-sum test for numerical variables; 
aCalculated based as the day of the discharge minus the day of admission; bPatients with local or distant metastases 
and/or in whom chemotherapy or radiotherapy had been performed in the previous 6 months, including hormonal 
blockade; cBedrest with bathroom privileges, more than half of the day; dAssesment according to protocol definition, 
Padua prediction score >=4 for medical patients and type of surgery + individual risc factors for surgical patients; 
eContraindications defined in accordance with local protocol based on the 9th ACCP.(19)

Table 4. Type of prophylaxis prescribed at the day of the evaluation.

Prophylaxis Before the intervention (n=213) After the intervention (n=216)
Unfractionated heparin 84 (57.5) 105 (59.7)
Low molecular weight heparin 62 (42.5) 70 (39.8)
Fondaparinux - 1 (0.6)
Total 146 (100.0) 176 (100.0)

Table 5. Prevalence and prevalence ratio of thromboprophylaxis adequacy before and after intervention.

Before (n=213) 
n (%)

After (n=216) 
n (%) p-value* Prevalence Ratio 

(CI 95%)

Prevalence Ratio 
adjusted**  

(CI 95%)
All patients 115 (54.0) 136 (63.0) 0,06 1.17 (0.99-1.37) 1.20 (1.02-1.42)
Medical 43 (52.4) 65 (54.6) 0,76 1.04 (0.80-1.35)
Surgical 72 (55.0) 71 (73.2) <0.05 1.33 (1.09-1.62)
CI 95%: 95% confidence interval. *p value of Pearson χ2 test; **Adjusted through Poisson regression (robust 
variance) for type of patient (medical or surgical) and phase of the study.
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implementation, showed significant improvement 
just for adjusted analyses, supported by a significant 
increase in adequacy for surgical patients after the 
intervention. This result is sustained by previous 
evidence in which thromboprophylaxis adequacy is 
greater in surgical patients and remains inadequate 
in medical hospitalized patients.(21-23) Nevertheless, 
this was a stratified analysis which was conducted in 
order to improve the efficiency of the estimation.(24)

Second, this humble improvement in overall adequacy 
must be analyzed in depth in further studies conducted 
using this type of intervention. The current literature 
shows that just a protocol implementation should be 
responsible for increasing around 15% in adequacy.(16) 
In fact, for years cross-sectional studies around 
the world have documented underprescription of 
thromboprophylaxis, with adequacy ranging from 10% 
to 70%,(9,19,21,25) and our overall appropriateness for VTE 
prophylaxis was similar to previous data.(9,26-28) A recent 
systematic review of randomized trials showed that 
electronic alerts were associated with an improvement 
in prophylaxis prescription (risk difference=16%; 
95% CI 12% to 20%).(7) However, it is still unclear 
how multifaceted interventions (education, reminders, 
audit and feedback), including electronic alerts, are 
associated with an increase in the proportion of patients 
receiving prophylaxis and even for the reduction in 
symptomatic VTE.(7) On the other hand, studies have 
demonstrated that the percentage of patients with 
adequate prophylaxis may reach 90% or more when 
the protocol is enhanced by other QI and high-reliability 
strategies, for example the integration of the VTE 
protocol into order sets.(6,8,19) Additional strategies, 
such as engagement of multidisciplinary teams and 
well-structured QI institutional initiatives are described 
as responsible for changes in culture and reduction of 
VTE events.(6,8) Facing these controversies, we agree 
that the success of different approaches depends on 
the adaptation of the strategies to differences in the 
context in which the QI initiative takes place.(12)

Third, our implementation strategies did not engage 
multidisciplinary teams, being directed only to the 
medical staff. If, on the one hand, we expected only a 
slight improvement in adequacy, on the other, we felt 
it is important to attempt a simple set of strategies to 
evaluate protocol adherence before implementing other 
initiatives. Many studies have demonstrated the impact 
of electronic tools and other QI strategies,(8,29-32) but 
none in a setting characterized by an “open” medical 
staff, a reality that may negatively impact protocol 
adherence.

Fourth, the inadequacy of thromboprophylaxis 
prescription highlights a great concern in which the 
frequency of underutilization of prophylaxis was large 
in medical patients. Besides, anticoagulant prescription 
in both low-risk patients and in those with high-risk of 
bleeding confirmed overprescription in our scenario. 
Other studies have already described this problem, in 
which high-risk patients are undertreated and low-risk 
patients are overtreated.(23,29) Further, as platelet counts 

and INR results were unavailable for almost half of the 
interviewed patients (43.5% without platelet counts and 
87.5% without INR results), it is possible to assume 
that the inadequacy is even greater than documented.

Finally, according to our results, several additional 
actions should be planned to achieve protocol 
adherence and consequently better appropriateness of 
thromboprophylaxis. When we compare our results with 
those from other low- and middle-income countries, it 
is possible to observe that, despite our better hospital 
infrastructure, our results are not better.(21,23,26,27)

The current study has a number of limitations. First, 
we used an uncontrolled before and after study design 
to investigate while pragmatic interventions were 
able to achieve adequacy of thromboprophylaxis in 
hospitalized patients. These studies are a relatively 
weak method of distinguishing cause and effect, since 
any observed change might plausibly be attributed 
to other causes, such as secular trends. However, 
these were the first results of a culture change and 
here we are generating hypothesis about a set of 
strategies used for this implementation. In general, 
there are no measures for this type of intervention 
since a more rigorous design was not practical in 
our situation.(33) Second, this study was carried out 
in a single private hospital, which may reduce the 
generalizability of our results, with additional studies 
being necessary to better understand if the same 
strategy would be effective in other settings. There are 
several characteristics, including physician’s behavior 
that were not accounted for in our study. Third, the 
prescribing physicians were not interviewed, so we cannot 
exclude the possibility that in some cases additional 
clinical information obtained prior to admission had 
been taken into account in making decisions which 
in this study appeared inadequate on the basis of 
hospital data alone. In fact, we assumed that a lack 
of platelet count would be included as known just by 
physicians, mainly for surgical patients whose tests are 
performed outside hospital previous to the procedure. 
Nevertheless, we assumed no misclassification of the 
risk of bleeding, even if platelet count or INR values 
were missing, considering both medical records review 
and interviews were conducted. Moreover, requesting 
coagulation tests routinely if a patient presents a 
negative bleeding history is still questionable and it 
is not a consensus among physicians.(34,35)

In summary, after a protocol implementation, 
the results showed that the overall appropriateness 
of thromboprophylaxis prescription was weakly 
improved, despite the efforts. Although the study 
was performed at a single institution, it may provide 
the best evidence to date a bunch of strategies for 
the protocol implementation in private institutions in 
middle-income countries with an open medical staff, 
as there are few studies investigating these simple 
and pragmatic interventions. The lessons learned 
and the data obtained will support other institutional 
initiatives such as engaging multidisciplinary teams 
and elaborating a plan to adopt a computerized clinical 
decision support tool in future efforts to improve VTE 
prophylaxis.
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ABSTRACT
Objective: To analyze the complications related to flexible bronchoscopy (FB) and 
its collection procedures in outpatients and inpatients with various lung and airway 
diseases treated at a university hospital. Methods: This was a retrospective analysis 
of complications occurring during or within 2 h after FB performed between January 
of 2012 and December of 2013, as recorded in the database of the respiratory 
endoscopy department of a hospital complex in the city of São Paulo, Brazil. Results: 
We analyzed 3,473 FBs. Complications occurred in 185 procedures (5.3%): moderate 
to severe bleeding, in 2.2%; pneumothorax, in 0.7%; severe bronchospasm, in 0.8%; 
general complications (hypoxemia, psychomotor agitation, arrhythmias, vomiting, or 
hypotension), in 1.6%; and cardiopulmonary arrest, in 0.03%. There were no deaths 
related to the procedures. Specifically, among the 1,728 patients undergoing biopsy, 
bronchial brushing, or fine-needle aspiration biopsy, bleeding occurred in 75 (4.3%). 
Among the 1,191 patients undergoing transbronchial biopsy, severe pneumothorax 
(requiring chest tube drainage) occurred in 24 (2.0%). Conclusions: In our patient 
sample, FB proved to be a safe method with a low rate of complications. Appropriate 
continuing training of specialist doctors and nursing staff, as well as the development of 
standardized care protocols, are important for maintaining those standards. 

Keywords: Bronchoscopy/adverse effects; Biopsy/adverse effects; Pneumothorax. 
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INTRODUCTION

Flexible bronchoscopy (FB) is a minimally invasive 
procedure that since its introduction in the 1960s 
has been widely used for direct visualization of the 
tracheobronchial tree in order to diagnose and treat lung 
and airway diseases. Although there have been reports 
of complications, the complication rate is low (ranging 
from 0.8% to 6.8%), confirming the safety of FB when 
preventive measures are employed, including adequate 
patient preparation, risk-benefit assessment, and the 
use of standardized protocols during the procedure.(1-3) 

Complications are generally due to sedation and 
topical anesthesia,(4) but they can also be due to the 
following: introduction of the bronchoscope into the 
airway; sample collection procedures, such as BAL, 
endobronchial biopsy (EBB), transbronchial biopsy 
(TBB), and bronchial brushing (BB); and patient clinical 
status.(1,5) Most complications occur during or within 2 
h after the procedure, and only a minority of patients 
require hospitalization.(4,6-8) Serious adverse effects 
requiring interruption of the procedure, including tension 
pneumothorax, heart/respiratory failure, and death, 
are rare and are generally related to the severity of 
underlying heart or lung disease, as well as to severe 
central airway obstruction.(2,7,9) The objective of the 
present study was to analyze early complications of 

FB in patients with various lung and airway diseases 
treated at a university hospital. 

METHODS

We retrospectively analyzed complications occurring 
during or within 2 h after FB performed between January 
of 2012 and December of 2013, as recorded in the 
database of the Respiratory Endoscopy Department of 
the University of São Paulo School of Medicine Hospital 
das Clínicas Heart Institute, located in the city of São 
Paulo, Brazil. The present study was approved by the local 
research ethics committee (Protocol no. 4358/16/024). 

All FBs were performed with patients receiving 
continuous monitoring (cardiac monitoring, noninvasive 
blood pressure monitoring, and oximetry) and 
supplemental oxygen via nasal cannula. Intravenous 
sedation was provided primarily with fentanyl and 
midazolam (with or without propofol), patients being 
maintained with mild or moderate sedation depending 
on the case. 

We examined patient age, sex, and class (inpatient 
or outpatient), as well as indications for FB, sample 
collection methods, and potential complications. 

Complications were divided into general complications 
and complications associated with collection procedures 
such as EBB, laryngeal biopsy, TBB, BB, and fine-needle 
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aspiration biopsy (FNAB). General complications 
included persistent hypoxemia (an SpO2 of < 90% 
throughout the procedure and in the postprocedural 
period, difficult to control despite raising the mandible 
and FiO2), psychomotor agitation, arrhythmias, 
vomiting, bronchospasm, and cardiopulmonary failure. 
Specific complications included bleeding (during any 
sample collection procedure) and pneumothorax (during 
TBB only). Moderate to severe bleeding was defined 
as bleeding requiring interruption of the procedure 
or hemostatic measures such as wedging the flexible 
bronchoscope into the bleeding bronchial segment, 
using cold 0.9% saline, using an epinephrine solution 
(1:20,000), moving the patient to a lateral decubitus 
position with the bleeding side down, inserting a 
balloon catheter (bronchial blocker), and performing 
selective intubation to isolate the bleeding lung. A 
diagnosis of pneumothorax was made on the basis of 
clinical symptoms (pleuritic chest pain and dyspnea, 
with or without decreased SpO2) and chest X-ray 
findings consistent with pneumothorax. 

Before undergoing FB, all patients were informed 
of the risks of the procedure. They remained under 
observation until discharge by the medical and 
paramedical staff within 2 h after the procedure. 

Statistical analysis
All statistical analyses were performed with the IBM 

SPSS Statistics software package, version 19.0 (IBM 
Corporation, Armonk, NY, USA). Descriptive statistics 
were used in order to estimate the frequencies of the 
study variables. The only continuous variable, age, was 
summarized as a mean with standard deviation. The 
Student’s t-test was used in order to analyze parametric 
data (age), and Pearson’s correlation coefficient was 
used in order to correlate nonparametric data. The 
level of significance was set at 5% (p < 0.05). 

RESULTS

We analyzed 3,473 FB procedures performed 
in outpatients, ward patients, ICU patients, ER 
patients, and operating room patients in our hospital. 
Endobronchial ultrasound, simple laryngoscopy, and 
therapeutic rigid bronchoscopy procedures were not 
included in the analysis. 

The mean age of the patients was 52.58 ± 17.33 
years, with a predominance of males (59.2%). In our 
patient sample, 2,061 (59.3%) were outpatients, 935 
(27.0%) were ward patients, and 477 (13.7%) were 
ICU or ER patients (Table 1). 

As can be seen in Table 1, reasons for undergoing 
FB included suspected infection, in 34.8%, suspected 
neoplasia, in 16.2%, post-lung transplant follow-up/
surveillance, in 8.9%, esophageal cancer staging, 
in 7.6%, investigation/management of hemoptysis, 
in 5.4%, investigation of interstitial lung disease, in 
4.6%, postoperative thoracic surgery, in 1.6%, and 
other reasons, in 20.9%. 

A total of 3,701 sample collection procedures were 
performed; BAL was the most commonly performed 
procedure, followed by TBB and BB. Other procedures, 
including BB, FNAB, and laryngeal biopsy, were 
performed in 132 patients (3.6%). These results are 
shown in Table 2. 

Complications occurred during or within 2 h after FB 
in 185 (5.3%) of the 3,473 procedures performed. Most 
of the complications occurred in patients undergoing 
sample collection procedures, particularly biopsy (n 
= 99; 53.5%). 

General complications (hypoxemia, psychomotor 
agitation, arrhythmias, and vomiting) occurred 
in 56 patients (1.6%). Bronchospasm requiring 
interruption of the procedure occurred in 29 (0.8%). 
Cardiopulmonary arrest occurred in 1 (0.03%). There 
were no deaths related to the procedures. Bleeding 
occurred in 2.2% of the FBs, and pneumothorax 
occurred in 0.7%. Specifically, among the 1,728 
patients undergoing a sample collection procedure 
(EBB, TBB, BB, or FNAB), moderate to severe bleeding 
occurred in 75 (4.3%). Among the 1,191 patients 
undergoing TBB, pneumothorax occurred in 24 
(2.0%), all of whom required chest tube drainage. 
All complications are described in Table 2. 

Complications were more common in patients > 50 
years of age than in those ≤ 50 years of age (6.1% vs. 
3.9%; ρ = 0.002). In addition, complications were most 
common in patients undergoing FB for the following 
reasons: investigation of interstitial lung disease, 
suspected neoplasia, suspected bronchopulmonary 
infection, postoperative thoracic surgery, investigation 
of hemoptysis, post-lung transplant follow-up/
surveillance, and esophageal cancer staging. In 
patients undergoing FB for other reasons, including 
difficult airway management (difficult intubation 
or extubation), decannulation, burns, foreign body 
aspiration, and evaluation of airway malacia/fistula/
stenosis, complications occurred in 2.8% (Table 1). 

As can be seen in Table 1, there were no significant 
differences in the frequency of complications between 
outpatients and inpatients (including ward patients, 
ICU patients, and ER patients). 

DISCUSSION

FB is a minimally invasive procedure that is used in 
various lung and airway diseases.(5,10,11) The reported 
overall complication rate varies, being higher when 
biopsy is performed.(5,12,13) To our knowledge, this is the 
first study in Brazil to report the overall complication 
rate of FB in a large number of patients, the reported 
rate (5.3%) being within the expected range.(5,12,13) 
These data are important because of the need to 
improve patient safety by preventing or reducing risks, 
especially in a teaching hospital setting. In addition, 
it is important to know the risks of the procedure in 
order to develop informed consent forms that clearly 
explain to patients and their families the expected 
complication rate. 

J Bras Pneumol. 2020;46(4):e20180125 2/6



Early complications in flexible bronchoscopy at a university hospital

In the present study, the most common complications 
were bleeding and pneumothorax. Other complications, 
such as bronchospasm, hypoxemia, hypotension, 
arrhythmias, and cardiopulmonary arrest, were 
less common, being related to respiratory and 
cardiovascular comorbidities, as well as to the passage 
of the bronchoscope through the airway and the drugs 
used for sedation and anesthesia. 

We found no significant differences in the complication 
rates across patients, regardless of their origin or 
underlying respiratory disease. However, because 
this was a retrospective observational study, we used 
no severity scales or complication prediction scores; 
in addition, we did not analyze single comorbidities. 
Nevertheless, we found that patients with interstitial 
lung disease, cancer, or respiratory infection had a 
higher number of complications. Given these findings 

and the profile of our patients, we believe that 
hospitalization is required for patients with underlying 
hypoxemia and those at risk of hypoxemia or other 
types of decompensation during or after the procedure, 
including patients with COPD, severe asthma, and 
heart disease. The primary goal of this approach is 
to perform a clinical evaluation of patients before the 
procedure and minimize procedure cancellation rates. 

The complication rate was low in our study because 
FB is performed in accordance with international 
standards at our institution. In addition, all FB 
procedures are performed by qualified professionals 
trained and with technical experience in performing 
FB and in diagnosing and managing complications, 
supervision being mandatory when a physician in 
training performs the procedure.(3) Physician training 

Table 1. Characteristics of the study patients (N = 3,473), reasons for undergoing flexible bronchoscopy, and complications 
of the procedure.a 

Characteristic Complications p
No Yes

(n = 3,288) (n = 185)
Age, years 52.36 ± 17.83 56.45 ± 15.75 0.002
Sex

Male (n = 2,056) 1,965 (95.6) 91 (4.4)
0.004

Female (n = 1,417) 1,323 (93.4) 94 (6.6)
Patient class

Outpatient (n = 2,061) 1,939 (94.1) 122 (5.9)
NSWard patient (n = 935) 882 (94.3) 53 (5.7)

ICU/ER patient (n = 477) 467 (98.0) 10 (2.0)
Reason for undergoing flexible bronchoscopy

Interstitial lung disease (n = 159) 142 (89.3) 17 (10.7)

NS

Neoplasia (n = 564) 508 (90.1) 56 (9.9)
Infection (n = 1,207) 1,127 (93.4) 80 (6.7)
Postoperative thoracic surgery (n = 57) 55 (96.5) 2 (3.5)
Hemoptysis (n = 187) 183 (97.9) 4 (2.1)
Lung transplantation (n = 308) 303 (98.4) 5 (1.6)
Esophageal cancer staging (n = 264) 263 (99.6) 1 (0.4)
Other (n = 727)b 707 (97.2) 20 (2.8)

NS: not significant. aValues expressed as n (%) or mean ± SD. bDifficult intubation/extubation, evaluation of airway 
malacia/fistula/stenosis, atelectasis, decannulation, burns, and foreign body aspiration.

Table 2. Diagnostic procedures performed during flexible bronchoscopy and complications thereof. 
Procedure n (%)

Diagnostic procedures (n = 3,701)

BAL 1,973 (53.3)
Transbronchial biopsy 1,191 (32.2)
Endobronchial biopsy 405 (10.9)

Bronchial brushing 37 (1.0)
Fine-needle aspiration biopsy 62 (1.7)

Laryngeal biopsy 33 (0.9)

Complications (n = 185)

Bleedinga 75 (4.3)
Pneumothoraxb 24 (2.0)
Bronchospasmc 29 (0.8)

Otherd 57 (1.63)
aAmong the 1,728 patients undergoing biopsy. bAmong the 1,191 patients undergoing transbronchial biopsy. 
cAmong the 3,473 patients undergoing flexible bronchoscopy. dHypoxemia, arrhythmias, cough, agitation, need for 
endotracheal intubation, and cardiopulmonary arrest.
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in FB should also focus on the periods before and 
after the procedure. 

Adequate patient preparation prior to FB is essential 
for identifying and preventing complications.(3) Careful 
history taking is required in order to identify clinical 
contraindications to FB, including signs of respiratory 
failure (including hypoxemia, tachypnea, and 
hypercapnia), bronchospasm during the procedure, 
decompensated arrhythmias, and recent hemodynamic 
instability or myocardial infarction (less than six 
weeks before the procedure).(4,5,10,11,14,15) All of these 
parameters should be interpreted within the clinical 
scenario of individual patients, the risks and benefits 
of the procedure being weighed. 

Critically ill patients undergoing diagnostic FB 
require ventilatory support, multidisciplinary care, 
and full monitoring in order to minimize risk and 
facilitate early identification of complications, thus 
allowing timely management. In COPD or asthma 
patients experiencing bronchospasm, it is important 
to control the underlying disease before the procedure 
is performed.(4,15) In individuals at high risk of 
developing bronchospasm during or shortly after 
FB, a β2 agonist and an intravenous corticosteroid 
can be administered before the procedure. If BAL 
is required, 0.9% saline at 37°C should be used in 
order to prevent bronchospasm.(16) 

To prevent aspiration of gastric contents, patients 
undergoing FB at our institution are required to 
abstain from solid/semisolid foods for 8 h before the 
procedure; breast milk for 4 h before the procedure; 
and a clear or strained liquid diet for 2 h before the 
procedure. However, in intubated patients who are on 
mechanical ventilation and have a nasogastric feeding 
tube in place, fasting times can vary depending on how 
urgent the need for FB is and should be discussed on 
a case-by-case basis. In such patients, the following 
is recommended: better control of endotracheal tube 
cuff inflation pressure, fasting before the procedure, 
and nasogastric tube drainage.(4,15,17) In our study, 
there were no cases of bronchial aspiration during 
or after FB. 

Before FB, it is essential to inquire about drug 
allergies, complications of previous surgeries or 
procedures, and the presence of cardiovascular 
diseases, endocrine disorders, and respiratory 
comorbidities, including the drugs and doses 
used. (1,12,15) 

Because of the risk of bleeding, coagulation disorders 
and the use of anticoagulants should be carefully 
examined in patients requiring biopsy, BB, or FNAB 
during FB. Clinical history taking is important to identify 
signs of active bleeding. In addition, antiplatelet and 
anticoagulant drug use should be discontinued for as 
long as recommended, adjustments being required 
for patients with hepatic or renal failure. A platelet 
count > 50,000/mm3 and a prothrombin time/
international normalized ratio of < 1.5 are considered 
safe in patients undergoing biopsy. A platelet count 

of < 20,000/mm3 is a contraindication to FB, even 
without biopsy.(4) Such patients should undergo platelet 
replacement therapy before undergoing FB.(4,9,14,18-21) 
Other laboratory data, such as urea and creatinine 
levels, should be assessed before biopsy. 

In our study, all patients received supplemental 
oxygen (1-5 L/min, as needed) during and after FB. 
In intubated ICU patients, FiO2 was set to 100% 
during the procedure, other ventilator settings being 
adjusted as needed.(4,15) Thus, the rate of oxygen 
saturation decrease was low in our study. 

Sedatives and their doses should be chosen on a 
case-by-case basis. The sedatives used in our study 
included midazolam, fentanyl citrate, and, in some 
cases, propofol.(4) The medical staff should receive 
appropriate training in dosing and managing potential 
complications. 

According to Brazilian Federal Medical Council 
Resolution no. 2,174/2017, a second physician 
should be present in the examination room, being 
responsible for administering sedation. In patients at 
risk of cardiovascular or respiratory decompensation, 
FB can be performed with endotracheal intubation in 
the ICU (if necessary). 

It is also important to be familiar with benzodiazepine 
and opioid antagonists (flumazenil and naloxone, 
respectively). They can have adverse effects and 
should only be used in specific situations, in order to 
prevent complications such as convulsion, psychomotor 
agitation, and respiratory distress.(12) In addition, 
naloxone use can result in pain, especially in cancer 
patients receiving treatment with opioids. 

With regard to the use of topical lidocaine for cough 
control during FB, the maximum total dose, including 
all doses of the three formulations (i.e., gel, 2%; 
spray, 10%; and liquid, 2%), should be 7-9 mg/
kg.(5,12,15) Care must be taken when using lidocaine 
in elderly patients and patients with heart failure, as 
well as in those with upper/lower airway candidiasis, 
infection, or inflammation, because of the possibility 
of increased absorption and, consequently, toxicity. 
Major complications of excessive lidocaine include 
nausea, vomiting, metallic taste, mental confusion, 
cardiac arrhythmias, and seizures. 

In patients undergoing biopsy, it is important to adopt 
measures to facilitate the management of bleeding 
complications and minimize the risk of pneumothorax. 
It is difficult to quantify bleeding risk in patients 
undergoing FB, and reports of bleeding during FB 
are very subjective. Hemostatic measures such as 
wedging the flexible bronchoscope into the bleeding 
bronchial segment, using cold 0.9% saline, using an 
epinephrine solution (1:20,000), moving the patient 
to a lateral decubitus position with the bleeding side 
down, and inserting a balloon catheter (in cases of 
bleeding that is massive or difficult to control with the 
aforementioned measures) are essential and possible 
to perform.(4) In our study, the first four measures 
were adopted during diagnostic FB. Future studies 
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should quantify bleeding risk in patients undergoing 
FB, correlating bleeding with bronchoscopic measures 
to manage it, as well as with clinical worsening after 
the procedure. 

Whenever possible, fluoroscopy can be used in order 
to guide biopsy of lung nodules and infiltrates, improving 
safety in patients with pulmonary emphysema and 
at increased risk of pneumothorax.(4) However, there 
is a lack of consistent data regarding other patient 
groups. Given that fluoroscopy is not available for 
all FB procedures performed at our institution, we 
did not analyze the role of fluoroscopy in guiding 
bronchoscopic sample collection. Nevertheless, the 
rate of pneumothorax in the present study (2%) is 
consistent with that in the literature (1-6%).(1,3,22,23) 

For bronchoscopists, appropriate continuing training is 
essential to improve knowledge and practice, including 
management of complications.(1,12,13,15,24) Training is 
also essential for paramedical and nonmedical staff. 
Resuscitation equipment and adequate physical space 
are also important. 

With regard to postprocedure care, patients should 
be monitored in the recovery room until regaining 
full consciousness.(24) At discharge, patients and 
their companions should be alerted to the possibility 

of accidental falls, fever, bleeding, and symptoms 
suggestive of pneumothorax.(4) Minor bleeding can 
occur 2-3 days after the procedure, rest therefore being 
important. In cases of persistent bleeding, patients 
are advised to return for further evaluation. It should 
be noted that pneumothorax can go unnoticed on 
examination at discharge. Patients experiencing chest 
pain or dyspnea should return for medical evaluation 
and, if necessary, a chest X-ray. 

Imaging tests are reserved for patients with clinical 
symptoms suggestive of pneumothorax.(4,6-8,10) Although 
it has been reported that only a minority of cases require 
intervention,(1) nearly all cases of pneumothorax in 
our study required chest tube drainage. 

In order to develop best-care practices that prioritize 
patient safety and health care efficiency, it is essential 
to know the complication rates at a given medical 
institution. Our study showed low rates of early FB 
complications. However, it has limitations inherent 
to its retrospective nature, including the use of 
database records, written reports of FB procedures, 
and complication notes, all of which are subject to 
problems such as missing or incorrectly recorded data. 
Therefore, the complication rates might have been 
underestimated. Prospective studies are needed in 
order to address this issue. 
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ABSTRACT
Objective: Lung cancer is an important health problem due to its high incidence and 
mortality. The treatment of metastatic disease improved after the molecular pathways 
of cancer came to be known. However, targeted therapy is unavailable to many patients 
treated within the Brazilian Sistema Único de Saúde (SUS, Unified Health Care System). 
Our objective was to assess the cost-effectiveness of erlotinib, gefitinib, and afatinib 
versus that of chemotherapy for the treatment of non-small cell lung cancer in the 
context of the SUS. Methods: Different analytical models were developed based on data 
in the literature. The outcomes were presented in quality-adjusted life-years (QALYs) 
and incremental cost-effectiveness ratios (ICERs) per QALY gained. All costs related 
to treatment and supportive therapies were included in the models. Results: In one 
model, data from retrospective studies showed 2.01 life-years saved and a mean QALY 
gain of 1.169. The ICER per QALY gained ranged from R$48,451.29 (for gefitinib) to 
R$85,559.22 (for erlotinib). In another model, data from a meta-analysis showed −0.01 
life-years saved and a mean QALY gain of 0.178. The ICER per QALY gained ranged 
from R$27,028.30 (for gefitinib) to R$75,203.26 (for erlotinib). Conclusions: There is no 
ideal analytical model for the SUS. However, targeted therapy with EGFR-tyrosine kinase 
inhibitors has been shown to be cost-effective in various scenarios. The adoption of drug 
price discounts will improve the cost-effectiveness of treatment.

Keywords: Health policy; Molecular targeted therapy; Economics, pharmaceutical; Brazil.
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INTRODUCTION

Lung cancer is the most common cancer worldwide, with 
more than 1.8 million new cases diagnosed in 2012. (1) 
In Brazil, despite the potential underestimation of data, 
28,220 new cases of and more than 22,000 deaths from 
lung cancer were expected to occur in 2017.(2)

Most cases of lung cancer (70%) are detected 
at an advanced stage, when prognosis is poor and 
5-year survival is approximately 4%.(3) The standard 
treatment for advanced lung cancer at all facilities within 
the Brazilian Sistema Único de Saúde (SUS, Unified 
Health Care System) continues to be platinum-based 
chemotherapy, after which median overall survival does 
not exceed 12 months.(4,5)

At the beginning of the 21st century, knowledge 
of molecular pathways led to the development of 
specific therapies and an improvement in outcomes. 
The therapies most widely studied in non-small cell 
lung cancer (NSCLC) are those based on EGFR, which 
is a transmembrane receptor involved in signaling 
to regulate cell proliferation, angiogenesis, and cell 
survival.(6) Treatment with tyrosine kinase inhibitors 

(TKIs) targeting the EGFR pathway has led to a tumor 
response rate greater than 50% and an increase in 
median progression-free survival of nearly 100%.(7-9)

Despite its significant benefits, targeted therapy 
(with EGFR-TKIs) is not yet widely available within the 
SUS because of its high cost compared with that of 
chemotherapy. The reimbursement from the SUS, in 
Brazilian reals (R$), is currently R$1,100.00 for each 
month of treatment for metastatic lung cancer, whereas 
the mean monthly cost of therapies with first- and 
second-generation EGFR-TKIs ranges from R$2,700.00 
to R$5,600.00. The manager of each facility within the 
SUS is charged with identifying solutions for incorporating 
targeted therapy. The main options are to include in 
the facility budget the difference between the cost of 
targeted therapy and the amount reimbursed by the 
SUS or negotiate with manufacturers for a price that 
is consistent with the amount reimbursed by the SUS.

Given all of the above, our hypothesis was that 
molecular targeted therapy may be cost-effective for 
the treatment of NSCLC in Brazil. In addition, strategies 
that lead to a reduction in the cost of EGFR-TKIs may 

1. Faculdade de Medicina do ABC,  
Santo André (SP) Brasil. 

2. Instituto do Câncer de São Paulo 
Octavio Frias de Oliveira,  
São Paulo (SP) Brasil. 

3. Sylvester Comprehensive Cancer 
Center, University of Miami, Miami, 
FL, USA. 

4. Centro de Estudos e Pesquisa de 
Hematologia e Oncologia, Faculdade 
de Medicina do ABC, Santo André (SP) 
Brasil.

Submitted: 6 September 2017.
Accepted: November 6 2019.

Study carried out at the Centro de 
Estudos e Pesquisa de Hematologia e 
Oncologia, Faculdade de Medicina do 
ABC, Santo André, Brasil.

https://dx.doi.org/10.36416/1806-3756/e20180255

1/7

J Bras Pneumol. 2020;46(4):e20180255
ORIGINAL ARTICLE

https://creativecommons.org/licenses/by-nc/4.0/
http://www.orcid.org/0000-0003-2049-598X
http://www.orcid.org/0000-0003-2546-543X
http://www.orcid.org/0000-0002-1151-9903
http://www.orcid.org/0000-0002-2009-824X


Aguiar Jr P, Roitberg F, Lopes G Jr, del Giglio A

further improve the cost-effectiveness of targeted 
therapy compared with that of chemotherapy and 
increase the availability of targeted therapy to patients 
treated within the SUS.

Data from randomized clinical trials differ from those 
describing the current context of the SUS.(7-9) The first 
difference relative to the current practice within the 
SUS is that, in those studies, all patients were tested 
for EGFR mutations and only EGFR mutation-positive 
patients were included.(7,8) In addition, all such trials 
have shown a high degree of overlap (approximately 
70%) between the study arms; that is, most patients 
received first- or second-line molecular targeted 
therapy and therefore no gain in overall survival was 
observed.(7-9) In order to provide a view complementary 
to that of randomized clinical trials,(7-9) we developed 
distinct models based on data from the literature that 
are closest to the current reality in Brazil.

The primary objective of the present study was 
to calculate the incremental cost-effectiveness 
ratio (ICER) for targeted therapy (with EGFR-TKIs) 
versus chemotherapy in distinct models, in order to 
understand the cost-effectiveness of EGFR-TKIs for 
the treatment of advanced NSCLC. The secondary 
objectives were to identify which variables most 
influence the cost-effectiveness of targeted therapy 
and to identify which model is closest to the ideal for 
the current context of the SUS.

METHODS

We developed two analytical decision models. Each 
model considered a different strategy based on distinct 
data from the literature. In all models, deterministic 
sensitivity analyses were performed to confirm the 
robustness of the findings

The study considered the current reality of the SUS, 
including the costs of EGFR mutation testing (Sanger 
DNA sequencing), the purchase of drugs for first- and 
second-line treatments, monitoring, treatment of 
adverse events, and supportive therapies.

Structure of the models
In all models, patients were classified into three 

mutually exclusive health status groups: progression-
free survival; post-progression survival; and death.

The first model considered two distinct retrospective 
studies, both of which involved Asian populations.(10,11) 
In one study,(10) patients with EGFR mutations were 
treated with first-line EGFR-TKIs, whereas in the other 
study,(11) EGFR mutation testing was not performed 
and all patients were treated with conventional 
chemotherapy. In this model, two strategies were 
compared: testing all patients for EGFR mutations and 
treating EGFR mutation-positive patients with first-line 
EGFR-TKIs and second-line chemotherapy; and not 
performing EGFR mutation testing and treating all 
patients with chemotherapy in all lines of treatment.

The second model considered data from an 
individual meta-analysis including the major 
randomized clinical trials comparing chemotherapy 
versus EGFR-TKIs in first-line treatment.(12) However, 
most (74%) of the patients who were randomized 
to chemotherapy received EGFR-TKIs in second-line 
treatment. Therefore, in this model, two strategies 
were compared: testing patients for EGFR mutations 
and treating EGFR mutation-positive patients with 
first-line EGFR-TKIs and second-line chemotherapy; 
and testing patients for EGFR mutations and treating 
EGFR mutation-positive patients with first-line 
chemotherapy and second-line EGFR-TKIs. The two 
models are summarized in Figure 1.

Clinical effectiveness and quality of life
Effectiveness data were obtained by comparing 

the areas under the progression-free and overall 
survival curves reported in each study used in the 
distinct models.(10-12) The minimum follow-up time 
was set at 5 years.

Data on afatinib effectiveness were based on the 
results of a study that compared afatinib with gefitinib 
and demonstrated that both had similar efficacy, with 
a small benefit in terms of progression-free survival 
for afatinib.(13)

Quality-adjusted life-years (QALYs) for each health 
status group were calculated from the utility values 
published in the literature, adjusted for the adverse 
events provoked by each treatment.(14,15)

Costs
The costs of erlotinib, gefitinib, and afatinib were 

based on the maximum prices set for their sale to 
the Brazilian government, which are available on 
the website of the Brazilian Chamber of Drug Market 
Regulation.(16)

The cost of chemotherapy, regardless of the agent 
used or the line of treatment considered, was fixed 
at the amount paid by the SUS for the treatment 
of advanced NSCLC (R$1,100.00 per month). The 
duration of treatment for each pharmacological 
regimen was linked to progression-free survival for 
first-line treatments and to post-progression survival 
for second-line treatments.

We considered the costs of EGFR mutation testing 
(Sanger sequencing) for all patients (considering that 
for each test with a positive result, three tests with 
a negative result will also be paid for). The costs of 
treatment of adverse events and supportive therapies 
were calculated from values available in the Brazilian 
literature.(17,18)

Deterministic sensitivity analyses
We performed univariate deterministic sensitivity 

analysis (DSA) in all models. We used 95% CIs or 
plausible ranges (when the 95% CI was unavailable). 
Table 1 summarizes the variables considered in the DAS.
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RESULTS

Retrospective study model
Compared with the strategy of not testing for EGFR 

mutations and treating all patients with chemotherapy, 
that of testing for EGFR mutations and administering 
targeted therapy to EGFR mutation-positive patients 
saved 2.01 life-years.

In the base case, erlotinib lead to a QALY gain 
of 1.169 at a mean incremental cost per patient of 
R$100,000.67, which resulted in an ICER per QALY 
gained of R$85,559.22 and an incremental cost per 
life-year saved of R$49,730.96. Gefitinib led to a QALY 
gain of 1.173 at an incremental cost per patient of 

R$56,839.28, resulting in an ICER per QALY gained 
of R$48,451.29 and an incremental cost per life-
year saved of R$28,266.53. Afatinib led to a QALY 
gain of 1.165 and increased the cost per patient by 
R$58,756.87. The ICER per QALY gained was R$ 
50,444.25, and the incremental cost per life-year 
saved was R$29,220.16. Figure 2 presents the results 
of the DSA for the retrospective study model.

Meta-analysis model
In the meta-analysis model, overall survival was 

virtually identical for the two strategies. In the arm 
that received EGFR-TKIs as the first-line treatment, 
−0.01 life-years were saved in comparison with the 

Table 1. Deterministic sensitivity analysis parameters.
Parameter Value considered Minimum Maximum

Overall
Discount on the cost of TKIs 10% NA NA

20% NA NA
Gefitinib at a fixed cost R$1,000 NA NA

Costs
Erlotinib R$5,581.55 NA NA
Gefitinib R$2,701.94 NA NA
Afatinib R$2,824.43 NA NA
Monitoring (per cycle) R$448.72 R$358.98 R$538.46
Supportive therapy (per month) R$1,034.31 R$827.45 R$1,241.17

Outcomes
Utility of PFS for TKIs 0.6393 0.6193 0.6593
Utility of PFS for CT 0.6107 0.5907 0.6307
Utility of post-progression survival 0.4734 0.4334 0.5134

Survival
CI for mPFS for TKIs (retrospective studies) 12.1 months 10.2 months 13.5 months
CI for mOS for TKIs (retrospective studies) 30.9 months 28.2 months 35.7 months
CI for mPFS for CT (retrospective studies) 3.1 months 2.8 months 3.9 months
CI for mOS for CT (retrospective studies) 11.9 months 10.2 months 13.6 months
HR for PFS (meta-analysis) 0.37 0.32 0.42
HR for OS (meta-analysis) 1.01 0.88 1.17

TKIs: tyrosine kinase inhibitors; R$: Brazilian reals; NA: not assessed; PFS: progression-free survival; CT: 
chemotherapy; CI: confidence interval; mPFS: median progression-free survival; mOS: median overall survival; 
HR: hazard ratio; and OS: overall survival.

A

B

Metastatic
NSCLC

Positive TKIs

TKIs

CT

TKIs

CT

CT

CT

CT

Positive

EGFR 
mutation testing

EGFR 
mutation testing

No testing

Metastatic
NSCLC

Figure 1. Analytical decision models. In A, retrospective study model. In B, meta-analysis model. NSCLC: non-small 
cell lung cancer; TKIs: tyrosine kinase inhibitors; and CT: chemotherapy.
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arm that received chemotherapy as the first-line 
treatment.

Erlotinib led to a QALY gain of 0.193 at a mean 
incremental cost per patient of R$14,517.13, which 
resulted in an ICER per QALY gained of R$75,203.26. 
Gefitinib led to a QALY gain of 0.175 at a mean 
incremental cost per patient of R$4,741.93, resulting 
in an ICER per QALY gained of R$27,028.30. Afatinib 
led to a QALY gain of 0.167 and increased the mean 
cost per patient by R$5,239.37. The ICER per QALY 
gained was R$31,352.97. Figure 3 presents the results 
of the DSA for the meta-analysis model.

DSA
The 95% CI for overall survival (0.009-1.396) was 

the variable with the greatest influence on QALY. The 
95% CI for progression-free survival (30-50%) was 
the variable with the greatest influence on costs.

Negotiating discounts for the purchase of the target 
drug or fixing the cost of EGFR-TKIs at a monthly 
amount of R$1,000.00 resulted in an important 
improvement in the cost-effectiveness of treatment.

DISCUSSION

The cost of cancer treatment is a growing concern 
worldwide.(19) The American Society of Clinical 

Oncology has recently published a framework to assess 
the value of cancer treatment options on the basis 
efficacy, adverse events, and cost.(20) Although such 
initiatives are important and practical, traditional cost-
effectiveness models remain essential for estimating 
the economic implications of cancer treatment options 
in Brazil. However, in order for cost-effectiveness 
studies to be considered before health policy decisions 
are made, such studies should follow some important 
methodological rules. The most important rule is all 
relevant costs and benefits to be considered in the 
study should be identified, assessed, and described in 
a transparent manner.(21) In addition, it is important 
to define the clinical context that was considered in 
the cost-effectiveness study in order to obtain the 
costs and benefits of treatments and to determine 
whether that context matches the reality of the locale 
at which the study will be implemented.(21)

Market movements, government regulations, and 
tax legislation influence drug costs. Differences in 
health care systems worldwide make it difficult to 
translate the results of an economic study into a 
context different from the one in which that study was 
developed. Therefore, pharmacoeconomic assessments 
are relatively specific to the health care system in 
which they are performed.(21)

Figure 2. Tornado diagrams for tyrosine kinase inhibitors versus chemotherapy (retrospective studies). E: erlotinib; 
PFS: progression-free survival; OS: overall survival; Util: utility; TKIs: tyrosine kinase inhibitors; CT: chemotherapy; 
PPS: post-progression survival; Mon: monitoring; ST: supportive therapy; G: gefitinib; A: afatinib; ICER: incremental 
cost-effectiveness ratio; and GDP: gross domestic product.
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In this light, the major limitation of the present study 
was the literature used in each model developed. The 
ideal would be to conduct a randomized prospective 
study in Brazil comparing EGFR-TKI treatment for 
EGFR mutation-positive patients versus chemotherapy 
for patients who did not undergo molecular testing. 
However, a study with such a design would not be 
approved by a research ethics committee, given that 
the benefits of molecular targeted therapy are well 
established.

In our study, each model developed has strong and 
weak points. In the retrospective study model, the 
strong points are the overall and progression-free 
survival values consistent with the literature and 
the design that is closest to the ideal for the context 
of the SUS. However, that model was based on two 
retrospective studies that included two completely 
distinct populations. Data from the Brazilian 
population, even retrospective data, could allow 
an analysis with fewer limitations. Regarding EGFR 
mutation testing, we considered the costs of testing 
by Sanger sequencing, which has a lower cost than 
does Next-Gen Sequencing, which is the currently 
preferred method. In addition, we are aware of the 
difficulty in making EGFR mutation testing available 
at all SUS facilities throughout Brazil. Centralization 
of testing facilities can reduce costs and increase 

the reliability of test results, whereas regionalized 
training makes it possible to expedite test results, 
although at a higher cost and with the challenges of 
implementing testing at various locations.

In the meta-analysis model, the strong points were 
the robust data obtained from multiple randomized 
clinical trials, showing overall and progression-free 
survival values consistent with those in the literature. 
However, this model does not reflect the context of 
the SUS, given that all patients were tested for EGFR 
mutations and approximately 70% of the patients 
received EGFR-TKIs after chemotherapy failure.

Considering the limitations of each model, we 
believe that the combination of all findings provides 
an overview close to the ideal for the context of the 
SUS. Other studies conducted in Brazil have assessed 
the cost-effectiveness of using EGFR-TKIs for the 
treatment of advanced NSCLC. One such study, 
developed by the Brazilian National Commission for the 
Incorporation of Technologies into the SUS, discussed 
the lack of benefit in terms of overall survival and 
pointed out limitations in performing and funding 
molecular testing.(22) However, that analysis had 
severe methodological limitations. Only data from 
randomized clinical trials were considered, which 
does not represent the current reality of the SUS, 

Figure 3. Tornado diagrams for tyrosine kinase inhibitors versus chemotherapy (meta-analysis). E: erlotinib; PFS: 
progression-free survival; OS: overall survival; Util: utility; TKIs: tyrosine kinase inhibitors; CT: chemotherapy; PPS: 
post-progression survival; Monit: monitoring; ST: supportive therapy; G: gefitinib; A: afatinib; ICER: incremental cost-
effectiveness ratio (ICER); and GDP: gross domestic product.
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given that, within the SUS, tumors are not routinely 
tested and there is no possibility of patients receiving 
EGFR-TKIs after chemotherapy failure.

Piha et al.(18) also considered data from randomized 
clinical trials for assessing efficacy, although information 
on costs was obtained from the Brazilian Chamber 
of Drug Market Regulation, causing the costs of 
platinum-based chemotherapy to be higher than 
the costs of gefitinib. Therefore, gefitinib surpassed 
chemotherapy because it had greater efficacy at a 
lower cost. However, as in the private health care 
network, the reimbursement for health care services 
is not based on the cost of treatment within the SUS, 
although it is fixed at a monthly value of R$1,100.00, 
a value that was used in our study as the cost of 
chemotherapy. The exact cost of drugs is not known 
because each hospital conducts its own negotiations 
with drug manufacturers so that the cost of treatment 
is at or below the amount paid by the SUS.

Subsequently, Geib(17) conducted a study of the 
cost-effectiveness of gefitinib that evaluated not testing 
for EGFR mutations and treating all patients with 
chemotherapy versus treating EGFR mutation-positive 
patients with gefitinib. Although the design was ideal 

for the context of the SUS, the author assessed the 
efficacy of chemotherapy on the basis of retrospective 
data from his own facility, whereas data on the efficacy 
of gefitinib were extracted from randomized clinical 
trials.(17) In addition to the fact that two completely 
distinct populations were compared, survival is 
known to be often overestimated in retrospective 
studies relative to prospective randomized studies. 
As a consequence, no significant clinical benefit was 
found, and gefitinib was not considered cost-effective.

Finally, we believe there is no ideal model to address 
the issue in question within the SUS. However, 
considering the different scenarios, we can conclude 
that EGFR-TKIs are cost-effective (EGFR-TKIs have 
a 64% probability of being cost-effective with an 
incremental investment of up to three times the GDP 
per capita of Brazil per patient). Negotiating discounts 
or fixing costs at an amount lower than that currently 
paid by the SUS can increase the likelihood of cost-
effectiveness to up to 100%. Once such negotiated 
discounts or fixed costs have been incorporated into 
clinical practice, another need is molecular testing 
to inform decisions regarding treatment, which 
underscores the importance of investing in pathology 
services within the SUS.
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ABSTRACT
Objective: The present study aimed to translate and cross-culturally adapt the Physical 
Function in ICU Test-scored (PFIT-s) and the De Morton Mobility Index (DEMMI) to 
Brazilian Portuguese. Methods: This study consisted of the translation, synthesis, and 
back-translation of the original versions of the PFIT-s and DEMMI, including revision by 
the Translation Group and pretesting of the translated version, assessed by an Expert 
Committee. The Brazilian versions of these instruments were applied to 60 cooperative 
patients with at least 48 h of mechanical ventilation at ICU discharge. The interrater 
reliability of both scales was tested using the Intraclass Correlation Coefficient (ICC). 
Results: The authors of both original scales have approved the cross-culturally validated 
versions. Translation and back-translation attained consensus, and no item was changed. 
Both scales showed good interrater reliability (ICC>0.80) and internal consistency 
(α>0.80). Conclusion: The versions of the PFIT-s and DEMMI adapted to Brazilian 
Portuguese proved to be easy to understand and apply clinically in the ICU environment.

Keywords: Physical therapy; Questionnaires; Translation; Intensive care unit.
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INTRODUCTION

Impairments in physical functioning and muscle 
weakness are evident in the intensive care unit (ICU) 
setting, and can persist long after hospital discharge, 
impacting on activities of daily living and participation 
in societal and work roles.(1,2)

Physical functioning assessment is critical to understanding 
the trajectories of recovery and treatment efficacy 
in response to interventions such as rehabilitation.(3) 
In recent years, a number of assessment tools have 
been developed specifically for the ICU setting or 
adapted from other patient populations, e.g., geriatric 
and neurological patients, to assist with the physical 
functioning evaluation in critically ill patients.(4) When 
selecting the most appropriate measure to evaluate 
efficacy and change over time, clinicians and researchers 
should consider whether the clinimetric properties of the 
measure of interest have been established.(5)

Among these measures, clinicians may utilize the Physical 
Function in ICU Test-scored (PFIT-s) and De Morton 
Mobility Index (DEMMI). The PFIT-s is a four-component 
outcome measure: Assistance (sit-to-stand level of 
assistance: 0, 1, or 2 people needed), Cadence (maximal 
marching on the spot duration and number of steps), Shoulder 
(flexion strength), and Knee (extension strength), with 
the last two items based on the greatest of left and right 
using the Oxford grading system.(6) The PFIT-s is a robust 

measurement tool with demonstrated reliability, validity 
and responsiveness, and a minimal clinically important 
difference (MCID) >1.5 points using a 0-10 interval scale 
range.(4,6,7) The DEMMI is a one-dimensional measure of 
mobility originally developed for the geriatric population.(8,9) 
It has recently been assessed in a study within the ICU 
setting, showing excellent reliability and low floor and 
ceiling effects during and after ICU discharge(10).

Most tools utilized by health professionals to evaluate 
functional outcomes in ICU (including PFIT-s and DEMMI) 
were originally developed in English. In order to be used in 
Brazil, they must be translated, cross-culturally adapted, 
and tested for their measurement properties within 
the local setting. In addition, this procedure facilitates 
comparison of the results from the same outcome measure 
in different countries and cultures.(11) Some tools, such 
as the Functional Status Score for the ICU, ICU Mobility 
Scale, and Perme Intensive Care Unit Mobility Score have 
already been translated into Brazilian Portuguese.(12,13) 
To date, neither the PFIT-s nor the DEMMI has been 
appropriately translated and validated for use in Brazil 
taking into account the language and cultural differences. 
Thus, the aims of this study were 1) to translate and 
cross-culturally adapt the DEMMI and PFIT-s instruments 
to Brazilian Portuguese and 2) to evaluate their clinimetric 
properties (content validity, reliability, floor and ceiling 
effects). The Strengthening the Reporting of Observational 
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Studies in Epidemiology (STROBE)(14) and COnsensus-
based Standards for the selection of health Measurement 
INstruments (COSMIN) guidelines(15,16) were followed 
in the conduct and reporting of this study.

METHODS

This process was authorized by one of the authors 
of the original version, Professor Linda Denehy, the 
University of Melbourne, Melbourne, Australia. This 
study approved by the Ethics Committee of the 
Health Sciences Teaching and Research Foundation 
(FEPECS- Brasilia-Brazil) under process no. 1.338.188.

Translation and cross-cultural adaptation
The translation and cross-cultural adaptation of the 

aforementioned instruments was conducted according 
to the guidelines proposed by Beaton et al.(11) which 
included the following steps: translation, synthesis of 
the translation, back-translation, review by the expert 
committee, and pretesting of the pre-final version. This 
expert committee included an author of the original 
tool, three physical therapists with over three years 
of experience specifically in intensive care unit (ICU), 
and four Portuguese-English accredited translators.

The questionnaire and instructions were translated 
into Portuguese by two bilingual (Portuguese and 
English) translators whose native language was 
Brazilian Portuguese. Translator 1 had experience in 
occupational health and knowledge of the concepts 
of the instrument, whereas Translator 2 had no 
experience in health care and was not familiar with the 
assessment tools. Both were accredited translators for 
Portuguese. Once the independent translated versions 
(T1 and T2) were completed, the teams met with the 
expert committee (which included the project and 
translation coordinators) to compare the versions 
and reach a consensus on any discrepancy, which 
resulted in a common translated pilot version (T12). 
Next, the single version was back-translated into the 
original language by two other independent bilingual 
translators, native speakers of English and fluent in 
Brazilian Portuguese, who had no knowledge on the 
instrument (the so-called naive translators). This step 
resulted in two back-translations.

The expert committee evaluated all translations and 
back-translations thoroughly. Rather than focusing on 
indices of agreement, the translation board attempted 
to make the best use of the language expertise of its 
members. The next step consisted of the back-translation 

of the T12, which was performed by two independent 
translators fluent in both languages. The back-translated 
versions (BT1 and BT2) were also compared and 
a consensus back-translated version (BT12) was 
attained. The BT12 was submitted to the evaluation 
of one of the authors of the scales. After this process, 
the expert committee produced a pre-final version of 
the DEMMI and PFIT-s instruments for use in Brazil. 
The professional background of the participants is 
described in Table 1.

Pretesting was performed to verify whether this version 
was equivalent to the original scale and whether the 
target group could understand it properly. The objective 
of this stage was to identify interpretative problems 
regarding the experiential, conceptual, semantic and 
idiomatic equivalence of the items with the aim of 
enhancing the inventory as well as reviewing and 
modifying problematic issues.

For the pretesting, a sample of thirty (30) physical 
therapists (PTs) from public and private hospitals in 
Brazil were selected and invited by e-mail to participate 
in the study. To this end, the following selection criteria 
were used: having degree in physical therapy and 
at least one year of clinical work experience in ICU.

The PTs were asked to read the scale, fully explain 
their answers, and report any issues. None of the PTs 
reported difficulty in understanding or interpreting 
the questions.

Application of the translated scales in a 
Brazilian setting

Study design and setting
This is a single-center prospective study conducted in 

the surgical and trauma ICUs of the Hospital de Base 
do Distrito Federal. All participants provided written 
informed consent.

Participants
Inclusion criteria were as follows: 1) adults, 

aged ≥18 years; 2) mechanically ventilated for more 
than 48 h; 3) able to ambulate independently for at 
least 10 m prior to ICU admission (with or without a 
gait aid); 4) expected to remain in ICU for longer than 
four days. Additionally, due to the volitional (patient 
effort dependence) nature of the physical measures, 
the participants were required to be cooperative with 
assessments to be included in the study. The ability 
to comprehend and follow commands was determined 
using the De Jonghe comprehension criteria (open and 

Table 1. Characteristics of the Expert Committee members.
Professional Occupation Academic Degree Professional Experience

Translator 1 Language Professional M.Sc. 11 years
Translator 2 Physical Therapist Ph.D. 6 years
Back-translator 1 Physical Therapist M.Sc. 15 years
Back-translator 2 Language Professional Ph.D. 21 years
Project Coordinator Physical Therapist M.Sc. 15 years
Translation Coordinator Bachelor of Arts Ph.D. 24 years
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close your eyes; look at me; open your mouth and put 
out your tongue; nod your head; raise your eyebrows 
when I have counted up to five).(17) Participants should 
score at least 3 out of 5 on two consecutive occasions 
within a six-hour period.(17) Participants were excluded 
from the study if they presented pre-existing cognitive 
impairment prior to hospitalization or were admitted 
with a new neurological condition, such as stroke or 
spinal cord injury.

Outcome measures
The final Brazilian Portuguese version (available in 

the online Supplementary Material) was tested by 
two qualified physical therapists who had received a 
minimum of 8 hours of training from a senior physical 
therapist with five years of experience in ICU and who 
had received specific training in the performance of 
both assessment tools. The training session included 
didactic lectures and practical training using simulated 
ICU patients. After this training session, the assessors 
evaluated consecutive eligible ICU patients using the 
PFIT-s and DEMMI instruments. The assessors performed 
their tests independently and were blinded to the scores 
obtained by the other therapist. The two scales and 
the raters were randomized per balanced incomplete 
blocks using sealed envelopes. All assessments were 
performed within a 12-hour period, which enabled 
adequate rest in between assessments to minimize 
patient fatigue.

Description of the Physical Function ICU 
Test-scored (PFIT-s) and de Morton Mobility 
Index (DEMMI)

The PFIT-s was developed for the ICU setting, and 
examines four activities: 1) Assistance (sit-to-stand 
level of assistance: 0, 1, or 2 people needed), 
2) Cadence (maximal marching on the spot duration 
and number of steps), 3) Shoulder (flexion strength), 
and 4) Knee (extension strength), with the last two 
items based on the greatest of left and right using 
the Oxford grading system, ranging from 0 – no 
visible or palpable muscle contraction through to 
5 – normal strength. In individuals with greater than 
movement against gravity (Oxford grade 3), strength 
was assessed isometrically (at one point in range). 
The isometric technique was used because this is the 
preferred method for manual muscle strength testing 
in ICU.(18) Both interval and ordinal scoring is available. 
The PFIT-s score ranges from 0 (unable to perform 
activities) to 10 (high physical functioning).(6)

The DEMMI is composed of 15 items. Eleven items 
are dichotomous (scored 0 or 1) and four items are 
scored as 0, 1, or 2. There are 15 hierarchical mobility 
activities (three are bed based, three chair based, four 
involve static balance, two are walking-related, and three 
involve dynamic balance).(8) Patients are rated on their 
ability as either able/unable or able/partial/unable to 
perform the tasks.(8) The total score is converted with 
Rasch Analysis to an interval score range from 0 to 100, 
where 0 represents poor mobility and 100 indicates 
high levels of independent mobility.(9)

Assessments were performed only at ICU discharge. 
Baseline demographics were recorded, including age, 
gender, body mass index (BMI), admission diagnosis, 
comorbidities, severity of illness (Acute Physiological and 
Chronic Health Evaluation - APACHE II) within the first 
24 h of ICU admission). Additionally, ICU and hospital 
length of stay (LOS) and mechanical ventilation (MV) 
duration (in days) were recorded.

Peripheral muscle strength
Knee extension and handgrip strength were assessed 

using a digital dynamometer - Manual Muscle Tester 
(Microfet®, Hoogan Scientific, UTAH, USA). Peripheral 
muscle strength assessments were conducted with 
patients in sitting position. Three trials were performed 
for both limbs according to published protocols, and 
the highest value of the three trials of both limbs was 
used as the score.(19,20) Peripheral muscle strength 
values were reported in kilograms (Kg), with higher 
values indicating greater muscle strength.

Functional Status Score for Intensive Care 
Unit (FSS- ICU)

The FSS-ICU is an outcome measure of physical 
function assessment specially designed for ICU patients, 
and involves five functional tasks (rolling, supine to 
sit transfer, sit to stand transfer, sitting on the edge 
of bed, and walking). Each task is evaluated using an 
8-point ordinal scale ranging from 0 (unable to attend 
or complete task due to weakness) to 7 (complete 
independence). The FSS-ICU total score is the sum of 
the scores of all five items, ranging 0-35. The higher 
scores indicate better functional status. This scale was 
translated and cross-culturally adapted to Brazilian 
Portuguese.(12)

Statistical analysis
The study sample comprised 60 patients. Aiming 

to enhance the generalizability of findings, sample 
sizes ≥50 participants are recommended for studies 
assessing clinimetric properties of measurements.(21) 
The one-sample Kolmogorov-Smirnov test was used 
to verify the normality of the data. Parametric data are 
presented as mean and standard deviation, whereas 
non-parametric data are presented as median and 
interquartile range. The Intraclass Correlation Coefficient 
(ICC) using the method of absolute agreement was 
calculated to evaluate the reliability between the 
two evaluators (interrater reliability). An ICC greater 
than 0.75 indicates good-to-excellent reliability.(22) 
The data measured by one rater across two trials for 
both scales (DEMMI and PFIT-s) were used to assess 
the intra-rater reliability, whereas the data measured 
by two raters for the same group of individuals were 
used to assess the interrater reliability.

Concurrent construct validity was evaluated using 
the Spearman’s correlation coefficients between both 
the DEMMI and PFIT-s scores and other variables. 
To evaluate the convergent validity, a correlation between 
the DEMMI and PFIT-s with handgrip, knee extension 
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strength, and the FSS-ICU score were calculated. 
To assess the divergent validity, correlations with body 
mass index (BMI) and the APACHE II were calculated.

The proportion of patients who had a minimum (floor) 
and maximum (ceiling) score was calculated for ICU 
discharge to determine the presence of a floor or ceiling 
effect at this time. Floor or ceiling effects are considered 
to be present if >15% of respondents achieved the 
lowest or highest possible score, respectively.(23)

RESULTS

Sixty patients were enrolled in this study. Table 2 displays 
their demographic characteristics.

In the analysis of conceptual equivalence, the DEMMI 
and PFIT-s scales were understood by the professionals 
responsible for the translation and back-translation, 
and the instruments were considered adequate for 

translation into Brazilian Portuguese. In the meeting 
held to reach a consensus translation version for both 
scales, four discrepancies were observed and resolved. 
The proposed solutions are described in Table 3.

In the back-translation, a couple of differences were 
identified in the comparison with the original versions. 
In the PFIT-s, the term cadence in the original version 
was back-translated as rhythm. In the DEMMI, the term 
sit to stand without using arms was back-translated as 
sit to stand with no arms. In the pretesting stage, the 
physical therapists did not report any uncertainties or 
problems with interpretation affecting their performance; 
therefore, no additional adjustments were done in 
the Brazilian Portuguese version. The final electronic 
versions of the DEMMI and PFIT-s Brazil can be found 
in the Supplementary Material.

Table 2. Baseline characteristics of the patients enrolled in this study.
Patient characteristics

Age (years) 42 ±17
Gender (male) n (%) 24 (60%)
APACHE II mean ±SD 19 ± 4
Admission category, n (%)

• Surgical 17 (43%)
• Trauma 23 (54%)

FCI score 2 [1-4]
BMI (kg/m2), median [IQR] 25 [23-32]

ICU-AW diagnosis, n (%) 24 (60%)
Time to awakening (days) 5 [4-9]
MV duration (days) 7 [4-11]
ICU LOS (days) 10 [5-16]
Hospital LOS (days) 15 [7-16]
PFIT-s at ICU discharge (0-10 range)
mean ±SD

6.55 ±2.06

DEMMI at ICU discharge (0-100 range)
mean ±SD

42.6 ±23.80

FSS-ICU at ICU discharge (0-35 range)
mean ±SD

26 ±6

Knee extension strength (kg), mean ±SD 18 ±6
ADL: activities of daily living; APACHE II: Acute Physiology and Chronic Health Evaluation II; BMI: Body Mass Index; 
DEMMI: De Morton Mobility Index; FCI: Functional Comorbidity Index; ICU: intensive care unit; ICU-AW: intensive 
care unit acquired weakness; kg: kilograms; LOS: length of stay; MV: mechanical ventilation; FSS: Functional 
Status Score for the ICU; n: number; PFIT-s: Physical Function in ICU Test-scored. The values ​​are expressed as 
n (%), mean ± standard deviation or median [interquartile range].

Table 3. Discrepancies observed by the Expert Committee between the translation versions (T1 and T2) of the de 
Morton Mobility Index (DEMMI) and the Physical Function in ICU Test-scored (PFIT-s) – Brazilian Version, and the 
proposed solutions (T12).

Modified Item T1 and T2 T12 – Proposed Solutions
Assistance (PFIT-s) T1 – Assistência

T2 – Auxílio
Assistência

Sit to Stand (PFIT-s and DEMMI) Sentar e Levantar
Sentado para em pé

Sentar e levantar

Walk 4 steps backwards T1- Caminhar 4 passos para trás
T2- Andar 4 passos para trás

Andar 4 passos para trás

Roll onto side T1- Rolar para os lados
T2 Virar-se para o lado

Rolar para os lados

T1: Translator 1; T2: Translator 2; T12: consensus-based translation; DEMMI: De Morton Mobility Index; 
PFIT-s: Physical Function ICU Test-scored.
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Table 4 shows the interrater agreement and reliability 
for each domain of the DEMMI and PFIT-s. Good 
interrater agreement and reliability was observed for 
all items of in both scales.

Moderate to large criterion validity was found 
between the DEMMI and PFIT-s instruments and 
the two functional outcomes (Table 5). Both scales 
showed negligible correlations with body mass index 
and APACHE II.

There were minimal floor and ceiling effects to 
the PFIT-s (1 and 3%, respectively) and the DEMMI 
(3 and 6%, respectively) assessed at ICU discharge.

DISCUSSION

This study describes the translation and cultural 
adaptation to Brazilian-Portuguese of the DEMMI 
and PFIT-s scales for use in critically ill patients. 
The cross-cultural adaptation process is an approach 
that can be applied to many instruments developed 
in other cultural and linguistic settings. For Brazil, it 
may assist with filling the data gap on the functional 
evaluation of critically ill patients.

An important reason to adapt an existing assessment 
tool is that it is more efficient than developing a new 

one. There is substantial work involved in developing 
and validating an outcome measure or questionnaire.(24) 
Because this process is not simple and involves costs, 
it is necessary to consider whether the instrument is 
relevant to research and clinical practice, and whether 
its characteristics are adequate for the purpose, 
population, and context in which it is intended to be 
used.(25)

The ICU is a challenging environment to conduct 
research due to patient heterogeneity and severity 
of illness. In order to improve the ability to compare 
findings between research studies, there is now a large 
body of literature that validates outcomes and indeed 
much work engaged in finding a standardized core set 
of outcome measures.(5) Cross-cultural validation, such 
as the one conducted in this study, is an important 
aspect of this body of work.

The clinimetric properties found for the DEMMI and 
PFIT-s instruments are similar to those reported in 
previous studies. Sommers et al.(10) found a reliability of 
0.93 and low ceiling and floor effects at ICU discharge 
(2.6%), closely corroborating the results of this study 
results. Similarly to the results of the present study, 
Parry et al.(4) observed strong correlation between the 
PFIT-s and muscle strength, but high ceiling effects 

Table 4. Interrater agreement and internal consistency between the Physical Function ICU Test-scored (PFIT-s) and 
the de Morton Mobility Index (DEMMI).

Instrument
Assessor 1

Median
[min-max]

Assessor 2
Median

[min-max]

Reproducibility
ICC (95% CI)

PFIT-s
Sit-to-stand Assistance 2 [0-3] 2 [0-3] 0.87 (0.81-0-92)
Marching on the spot 2 [0-3] 2 [0-3] 0.81 (0.79-0.84)
Shoulder Flexion Strength 2 [1-3] 2 [1-3] 0.96 (0.94-1.00)
Knee Extension Strength 2 [0-3] 2 [0-3] 0.97 (0.95-1.00)
PFIT-s Total 6 [0-12] 6 [0-12] 0.91 (0.87-0.93)
DEMMI
Bed-based Activities 3 [0-4] 3[0-4] 0.90 (0.87-0.93)
Chair 2 [0-4] 2 [0-4] 0.92 (0.89-0.95)
Static Balance 2 [0-4] 2 [0-4] 0.95 (0.93-0.98)
Walking 2 [0-4] 2 [0-4] 0.95 (0.93-0.98)
Dynamic Balance 1 [0-3] 1 [0-3] 0.91 (0.87 -0.94)
Total Score 31 [0-100] 33 [0-100] 0.90 (0.87-0.94)
ICC: Intraclass correlation coefficient; PFIT-s: Physical Function ICU Test-scored; DEMMI: de Morton Mobility Index.

Table 5. Cross-sectional relationship between the de Morton Mobility Index (DEMMI) and the Physical Function ICU 
Test-scored (PFIT-s) – Brazilian Version according to outcome measures and baseline characteristics.

DEMMI score PFIT-s score
Convergent Validity
Knee extension strength 0.79 (p<0.05) 0.83 (p<0.05)
FSS-ICU 0.91 (p<0.05) 0.93 (p< 0.05)
Divergent Validity
BMI -0.09 (p>0.05) -0.13 (p>0.05)
APACHE II -0.21 9 p>0.05) -0.17 (p>0.05)
BMI: Body Mass index; APACHE II: Acute Physiology and Chronic Health Evaluation II; FSS: Functional Status 
Score for the ICU.



J Bras Pneumol. 2020;46(4):e201803666/7

Brazilian versions of the physical function ICU Test-scored and de Morton Mobility Index: translation, cross-cultural adaptation, and 
clinimetric properties

(10.3% vs. 3%, respectively). These differences can 
be explained by the difference in the ICU populations 
investigated - the sample of this study was composed 
of younger surgical and trauma patients. New studies 
addressing whether different populations influence 
functional outcomes should be conducted for better 
understanding.

The PFIT-s is recommended for the evaluation of 
critically ill patients,(6,10) whereas the DEMMI has received 
relatively little attention within the ICU setting.(26) 
Sommers et al.(10) have demonstrated that the DEMMI 
is valid and reliable for critically ill patients. Interrater 
reliability of the Dutch and German translations of the 
DEMMI was considered excellent (ICC≥0.90), which 
confirms the reliability results of the DEMMI for Brazil 
obtained in the present study.(27,28) Denehy et al.(6) 
demonstrated that the PFIT-s is safe, valid, responsive 
to change, and predictive of key outcomes, and 
recommended its adoption to test physical function in 
ICU. Additionally, Skinner et al.(29) reported the reliability 
of the PFIT-s for critically ill patients, corroborating the 
findings of this study, which showed that the PFIT-s 
presents excellent reproducibility (ICC>0.90).

Recent studies have used the PFIT-s as a key functional 
outcome to examine early rehabilitation within the ICU 
setting. Parry et al.(30) demonstrated that functional 
electrical stimulation cycling in critically ill patients 
may improve physical function evaluated by the 

PFIT-s. Nordon-Craft et al.(7) reported that the PFIT-s 
is feasible and safe to evaluate physical function in ICU 
patients who are alert and able to follow commands. 
More recently, this scale has been recommended as 
one of the four key physical functioning measurement 
tools for evaluation of physical functioning within the 
ICU setting(3,31). The DEMMI still requires further use 
and evaluation in the ICU environment. Thus, the 
cross-cultural adaptation of these scales will assist 
Brazilian physical therapists with obtaining valid and 
reliable physical function assessments in this population.

It is worth noting that this study was conducted at 
a single center. However, the findings in this sample 
are consistent with those obtained in previously 
published research from Australia, the USA, and the 
Netherlands,(6,10) lending support to the results of 
this study.

The versions of the DEMMI and PFIT-s adapted 
to Brazilian Portuguese proved to be valid, easy to 
understand, and able to be feasibly implemented in the 
ICU clinical setting. It is expected that, by providing a 
consistent and reliable assessment tool, this study will 
contribute to improvement of the functional assessment 
of individuals with critical illness in both research and 
clinical practice in Brazil.
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ABSTRACT
Objective: To evaluate the prevalence of anorexia and weight loss at diagnosis (pre-
treatment), to identify the factors associated with pre-treatment weight loss, and 
to determine the prognostic role of anorexia and weight loss in the overall survival of 
patients with stage IV lung cancer. Methods: This was a retrospective observational 
cohort study. The patients were stratified by the presence/absence of anorexia and of 
pre-treatment weight loss, which generated a measure composed of four categories, 
which were the independent variables. Results: Among the 552 patients included in 
the study, anorexia and pre-treatment weight loss were present in 39.1% and 70.1%, 
respectively. After adjusting for age, male gender, and Karnofsky performance status, 
we found that anorexia and tumor size were significantly associated with pre-treatment 
weight loss. In a Cox multivariate analysis, adjusted for age, male gender and low 
Karnofsky performance status were found to be independent predictors of worse 
survival, as was concomitance of anorexia and weight loss. Conclusions: Anorexia and 
pre-treatment weight loss appear to be relevant problems in the follow-up of patients 
with advanced (stage IV) lung cancer Specific interventions are of crucial importance in 
individualized treatment plans, even within the context of palliative care.

Keywords: Lung neoplasms; Anorexia; Weight loss; Neoplasms/mortality.
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INTRODUCTION 

Anorexia, defined as a loss of appetite, is a common 
symptom in patients with lung cancer, especially in 
those with advanced disease. Caused by the adverse 
effects of treatment or by comorbidities related to the 
evolution of the disease, anorexia is seen in 30-40% 
of cancer patients, leading to reduced food intake or 
reduced nutrient absorption and, consequently, to a 
worsening of quality of life, as well as to increased 
morbidity and mortality.(1-3)

Unintentional pre-treatment weight loss, which can 
be a consequence of anorexia,(4-7) is also associated 
with a worsening of functional capacity and tolerance 
to treatment.(8-10) Previous studies have reported that 
60% of patients with advanced lung cancer present this 
sign,(11) which makes them more prone to fatigue and 
pain, as well as worsening their overall quality of life.(12,13)

The combination of anorexia and weight loss can 
be present in more than two-thirds of patients with 
advanced lung cancer. This combination has been linked 
to decreased effectiveness of treatment modalities, 
especially chemotherapy, and to an increase in the 
frequency of side effects of such treatment, including 
fatigue.(14)

Despite the growing number of studies showing the 
impacts of anorexia and weight loss on the quality of 
life and survival of patients with lung cancer, these 
conditions are underdiagnosed and undertreated in 

clinical practice because of the scarcity of protocols 
for diagnosis and effective treatment.(6,15) In addition, 
predictive factors for unintentional weight loss in the 
period preceding the diagnosis of lung cancer are not well 
described in the literature, nor is the importance of the 
role that anorexia and weight loss play in the prognosis 
of lung cancer in Brazil. Therefore, the objectives of 
the present study were to determine the prevalence 
of anorexia and pre-treatment weight loss, to identify 
the factors associated with unintentional pre-treatment 
weight loss, and to define the role that anorexia and 
pre-treatment weight loss play in the overall survival 
of patients with stage IV lung cancer.

METHODS 

This was a retrospective, observational nested cohort 
study involving patients diagnosed with stage IV lung 
cancer, selected from a structured database of patients 
with lung cancer within the electronic records of a tertiary 
referral outpatient clinic in the city of São Paulo, Brazil. 
The study was approved by the local research ethics 
committee, and all patients had previously given written 
informed consent. 

The starting date for inclusion of patients in this study 
was 2 January 2000, and the ending date was 1 October 
2017. For the purposes of data analysis, patients were 
followed until 30 December 2017. Included in the study 
were patients diagnosed with stage IV lung cancer, 
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confirmed by histological or cytological analysis or 
by complete clinical evaluation.

At diagnosis, we assessed the following demographic 
and clinical variables: age; gender; functional 
performance, expressed as the Karnofsky performance 
status; smoking status (never smoker vs. current or 
former smoker); current weight (measured in kg); 
pre-cancer weight; and presence of anorexia. We also 
assessed variables related to the tumor, including the 
histological type (e.g., adenocarcinoma, squamous 
cell carcinoma, and small cell carcinoma) and the 
presence of metastases, based on the 7th edition of 
the tumor-node-metastasis staging of lung cancer, 
categorized as intrathoracic metastases (stage M1A) 
or extrathoracic metastasis (stage M1B).

The instrument used in order to evaluate anorexia 
and weight loss consisted of the following questions: 
“Are you eating less because of decreased appetite?”; 
“What is your usual weight?”; “Have you lost weight 
recently without trying to do so?”; and, if so, “How 
much weight have you lost?”

Anorexia was defined above as a loss of appetite or a 
state of reduced calorie intake, whereas pre-treatment 
weight loss was defined as the involuntary loss of 
more than 2.4 kg(11) and estimated by the formula 
pre-cancer weight minus weight at diagnosis.

The patients were stratified by the presence/absence 
of anorexia and of pre-treatment weight loss. The 
stratification resulted in a four-category variable: no 
anorexia and no weight loss (the reference category); 
weight loss and no anorexia; anorexia and no weight 
loss; and anorexia plus weight loss.

Survival was defined as the time from the histological 
diagnosis to the final event. The final event was defined 
as all-cause mortality (date of death) or was censored 
if the patient was alive at the end of the study (30 
December 2017) or at the date of the last contact, 
for patients who were lost to follow-up.

The post hoc calculation was performed to assess 
the power of the study by means of one-way ANOVA, 
with the program G*Power, version 3.1 (Heinrich 
Heine University, Düsseldorf, Germany). Considering 
the four categories of anorexia and weight loss as 
independent variables, an effect size of 0.29, and 
an alpha error of 5%, we obtained a power of 99% 
(with an estimated variation of 7.043 and an error 
of variance of 84.098) for identifying differences in 
survival among the categories with a sample of 552 
patients.

Categorical variables are expressed as absolute and 
relative frequencies, evaluated by either the chi-square 
test or Fisher’s exact test. Continuous variables are 
expressed as means ± standard deviations or as 
medians (interquartile ranges) and were analyzed 
by one-way ANOVA or the Kruskal-Wallis test and 
the Jonckheere-Terpstra test (for trend analysis). 
We performed univariate and multivariate analyses, 
using logistic regression to explore the associations 
between pre-treatment weight loss and the following 

(continuous, dichotomous, and categorical) variables: 
age; male gender (reference, female); current 
or former smoker (reference, never smoker); 
Karnofsky performance status (as a continuous 
variable); tumor size (as a continuous variable); 
the presence of anorexia (reference, no anorexia); 
stage M1B (reference, stage M1A), and histological 
type (adenocarcinoma, squamous cell, or small 
cell—reference, all other types). The univariate and 
multivariate analyses of independent risk factors for 
survival were assessed by Cox proportional hazards 
regression with stepwise selection. The final model 
was derived from the variables with p < 0.10 in the 
univariate analysis or of clinical relevance for the 
analysis of survival (age). Survival was analyzed with 
Kaplan-Meier curves, and the curves were compared 
by using the log-rank test. The statistical analysis 
was performed with the IBM SPSS Statistics program, 
version 19.0 (IBM Corporation, Armonk, NY, USA). 
For all statistical tests, the level of significance was 
set at 5%. 

Table 1. Characteristics of patients with stage IV lung 
cancer (N = 552).a

Characteristics Results
Age, years 65 [56-71.5]
Karnofsky performance status 80 [70-90]
Size of tumor, cm 5 [3.5-7.0]
Anorexia 216 (39.1)
Pre-treatment weight loss, kg 6.7 [0.0-13.1] 
Gender

Male 324 (58.7)
Female 228 (41.3)

Smoking history
Never smoker 115 (20.8)
Current smoker 116 (21.0)
Former smoker 321 (58.2)

Histological type
Adenocarcinoma 277 (50.2)
Squamous cell 168 (30.4)
Small cell 44 (8.0)
Other 63 (11.4)

Metastatic stage
M1A 263 (47.6)

Lungs 143 (25.9)
Pleura 118 (21.4)
Pericardium 2 (0.4)

M1B 289 (52.4)
Adrenal 50 (9.1)
Brain 80 (14.5)
Liver 53 (9.6)
Bones 89 (16.1)
Other 17 (3.5)

Death 304 (55.1)
Overall survival, months 6.8 [2.8-13.1]
M1A: intrathoracic metastases; and M1B: extrathoracic 
metastases. aValues expressed as n (%) or median 
[interquartile range].
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Table 2. Characteristics of patients with stage IV lung cancer according to the combinations (categories) of anorexia 
and pre-treatment weight loss (N = 552).

Characteristics Category
pAN−/WL− AN−/WL+ AN+/WL− AN+/WL+

n = 138 (25%) n = 198 (36%) n = 27 (5%) n = 189 (34%)

Age, years 62 [51-72] 65 [58-72] 65 [60-70] 64 [55-72] ns*

Karnofsky performance status 80 [70-90] 80 [70-90] 70 [70-90] 70 [60-80] < 0.001†§

Size of tumor, cm 4.5 [2.9-6.4] 5.2 [4.1-7.0] 4.0 [3.0-8.2] 4.2 [3.0-7.0] ns†

Gender

Male 73 (53) 118 (60) 14 (52) 119 (63)
ns‡

Female 65 (47) 80 (40) 13 (48) 70 (37)
Smoking history

Never smoker 30 (22) 38 (19) 7 (26) 40 (21)
Current smoker 24 (21) 47 (41) 8 (30) 37 (20) ns‡

Former smoker 84 (57) 113 (40) 12 (44) 112 (59)
Histological type

Adenocarcinoma 79 (57) 91 (46) 7 (26) 65 (34)

0,044‡ ??
Squamous 26 (19) 70 (35) 17 (56) 92 (49)
Small cells 18 (13) 13 (7) 2 (7) 11 (6)
Other 15 (11) 24 (12) 3 (11) 21 (11)

Metastases

M1A ns‡

Lungs 40 (62) 45 (52) 8 (62) 50 (51)
Pleura 25 (38) 42 (48) 5 (38) 46 (47)

Pericardium - - - 2 (2)
M1B ns‡

Adrenal 9 (12) 17 (15) 5 (36) 19 (21)
Brain 26 (36) 33 (30) - 21 (23)
Liver 12 (16) 21 (19) 3 (21) 17 (19)
Bones 19 (26) 35 (32) 6 (43) 29 (32)
Other 7 (10) 5 (4) - 5 (5)

Mortality 80 (58) 96 (48) 13 (48) 115 (61) ns‡

Overall survival, months 14.4 [12.4-16.4] 9.4 [7.1-11.7] 12.4 [5.5-19.4] 7.6 [5.9-9.2] < 0.001†§

AN−: no anorexia; WL−: no weight loss; WL+: weight loss; AN+: anorexia; ns: not significant; M1A: intrathoracic 
metastases; and M1B: extrathoracic metastases. aValues expressed as n (%) or median [interquartile range]. 
*Univariate ANOVA. †Kruskal-Wallis test. ‡Chi-square test. §Jonckheere-Terpstra Test.

RESULTS

The prevalence of anorexia and unintentional 
pre-treatment weight loss in 552 patients with stage 
IV lung cancer was 39.1% and 70.1%, respectively. 
The median pre-treatment weight loss was 6.7 kg 
(interquartile range, 0.0-13.1 kg). Although we 
identified an association between anorexia and pre-
treatment weight loss, the correlation coefficient can 
be considered low (0.305). Table 1 describes this and 
other variables related to the patients and tumors. 

The variables related to the patients, the tumors, 
and overall survival were compared among the four 
categories (Table 2). It is of note that the proportion 
of patients with squamous cell carcinoma was more 
pronounced in the categories including the presence 
of pre-treatment weight loss. In addition, survival 
was shorter in patients with presence of anorexia 
and pre-treatment weight loss.

The logistic regression analysis of factors associated 
with pre-treatment weight loss is presented in Table 
3. In the univariate analysis, age, male gender, 
Karnofsky performance status, tumor size, anorexia, 
and histological type were significant predictors of 
pre-treatment weight loss. After adjustments for 
age, male gender, Karnofsky performance status, 
and histological type, the presence of anorexia and 
the size of the tumor were significantly associated 
with pre-treatment weight loss.

Figure 1 shows the Kaplan-Meier survival curves 
as functions of the concomitant presence of anorexia 
and pre-treatment weight loss; the presence or 
absence of anorexia; and the presence or absence 
of pre-treatment weight loss.

In the univariate analysis of survival, the significant 
predictors of survival were male gender (p = 0.034), 
Karnofsky performance status (p < 0.001), and the 
concomitant presence of anorexia and weight loss (p < 
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0.001). In the multivariate analysis, after adjustments 
for age, male gender, the concomitant presence of 
anorexia and pre-treatment weight loss, and low 
Karnofsky performance status were independent 
predictors of shorter survival (Table 4).

DISCUSSION

The present study investigated the prevalence of 
anorexia and pre-treatment weight loss, as well as 

their impact on prognosis, in patients with advanced 
lung cancer. We found that anorexia and weight loss at 
diagnosis were both highly prevalent among patients 
with stage IV lung cancer. The presence of anorexia and 
the size of the tumor were considered factors associated 
with pre-treatment weight loss, whereas being male, 
presenting concomitant anorexia and weight loss, and 
presenting a low Karnofsky performance status were 
independent predictors of mortality. In addition, the 

Figure 1. Overall survival in patients with stage IV lung cancer by category of anorexia and weight loss in concomitance 
(in A), presence or absence of pre-treatment anorexia (in B), and presence/absence of pre-treatment weight loss (in C). 
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Table 3. Unadjusted and adjusted logistic regression analysis of factors associated with pre-treatment weight loss in 
patients with stage IV lung cancer.*

Variables Univariate analysis Multivariate analysis
Unadjusted OR p Adjusted OR p

Age, years 1.02 0.046 1.02 0.357
Male gender 1.42 0.063 0.95 0.873
Current or former smoker 1.15 0.548 - -
Karnofsky performance status 0.97 < 0.001 0.98 0.167
Size of tumor, cm 1.12 0.077 1.14 0.049
Anorexia 4.88 < 0.001 6.09 0.001
M1B 0.91 0.980 - -
Histological type < 0.001

Other Ref. Ref.
Adenocarcinoma 0.78 0.414 0.51 0.285
Squamous cell 1.64 0.147 0.63 0.494
Small cell 0.48 0.075 0.36 0.222

Ref.: reference variable; and M1B: extrathoracic metastases. *−2 log likelihood of 197,380; overall accuracy of 
the model = 71.2%.
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presence of anorexia and pre-treatment weight loss 
were both strongly associated with shorter survival.

In our sample, the prevalence of anorexia at diagnosis 
was approximately 40%. Other studies have shown 
that anorexia is a common symptom in the scenario 
of advanced disease and is often accompanied by 
weight loss.(5,16) However, in our study, pre-treatment 
weight loss was present in nearly two times as many 
patients than was anorexia.

Two different factors contribute to explaining the 
weight loss and decreased appetite in patients with 
advanced lung cancer. First, the shock of receiving 
the diagnosis of lung cancer, especially if the cancer 
has metastasized, can reduce the desire for food. 
Second, the inflammatory response caused by the 
tumor can lead to changes in hypothalamic function, 
with an impact on appetite.(17-19) Even though the 
correlation between anorexia and weight loss in our 
study was low, anorexia and the size of the tumor 
were found to be major determinants of the intensity 
of pre-treatment weight loss.

The presence of anorexia or weight loss in patients 
with advanced lung cancer is not a new finding. (12,20-22) 
However, we have demonstrated that the concomitance 
of these conditions is an important predictor of shorter 
survival. Other studies have shown that the presence 
of these symptoms may result in complications, 
including reduced tolerance to chemotherapy, as well 
as decreased mobility and functionality, leading to a 
worse quality of life and a consequent reduction of 

survival.(23,24) Therefore, the appropriate management 
of this clinical condition is probably the key to holistic 
care in this context.

It is noteworthy that the size of the tumor did not 
influence mortality in our sample of patients. Therefore, 
we can speculate that death can be associated not only 
with the size of the tumor but also, more particularly, 
with the interactions between the primary tumor and 
the adjacent vital structures, as well as with distant 
metastases.(25)

Our study has some limitations. Because of the 
retrospective and observational nature of the analysis, 
some data to supplement or explain the results 
were not available, such as those related to the 
measurement of inflammatory markers, immunological 
markers, metabolic markers, and muscle mass. It is 
recognized that the measurement of weight does not 
differentiate between lean and fat mass; therefore, 
patients with sarcopenic obesity might have been 
overlooked. (2,10,12,13) Finally, we recognize that the 
pre-cancer weight was self-reported, which could 
have introduced a memory bias. 

In conclusion, the present study demonstrated that 
anorexia and pre-treatment weight loss are relevant 
factors in the follow-up of patients with advanced 
(stage IV) lung cancer, and that this combination was 
associated with higher mortality. Specific interventions 
are of crucial importance in individualized treatment 
plans, even within the context of palliative care. 
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ABSTRACT
Objective: Although various strategies have been proposed for eradicating Pseudomonas 
aeruginosa in patients with cystic fibrosis (CF), only a few employ multistep treatment  
in children colonized by that pathogen for the first time. The aim of this study was to 
describe the effectiveness of a three-phase eradication protocol, initiated after the first 
isolation of P. aeruginosa, in children with CF in Brazil. Methods: This was a retrospective 
real-life study in which we reviewed the medical records of pediatric CF patients in whom 
the eradication protocol was applied between June of 2004 and December of 2012. 
The three-phase protocol was guided by positive cultures for P. aeruginosa in airway 
secretions, and the treatment consisted of inhaled colistimethate and oral ciprofloxacin. 
Success rates were assessed after each phase, as well as cumulatively. Results: During 
the study period, 47 episodes of P. aeruginosa colonization, in 29 patients, were eligible 
for eradication. Among the 29 patients, the median age was 2.7 years, 17 (59%) were 
male, and 19 (65%) had at least one F508del allele. All 29 patients completed the first 
phase of the protocol, whereas only 12 and 6 completed the second and third phases, 
respectively. Success rates for eradication in the three treatment phases were 58.6% 
(95% CI: 40.7-74.5), 50.0% (95% CI: 25.4-74.6), and 66.7% (95% CI: 30.0-90.3), 
respectively. The cumulative success rate was 93.1% (95% CI: 78.0-98.1). Treatment 
failure in all three phases occurred in only 2 patients. Conclusions: In this sample of 
patients, the multistep eradication protocol was effective and had a high success rate. 

Keywords: Cystic fibrosis/therapy; Cystic fibrosis/prevention & control; Pseudomonas 
aeruginosa; Treatment outcome. 
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INTRODUCTION

Chronic pulmonary infection with Pseudomonas 
aeruginosa is associated with high morbidity and mortality 
in patients with cystic fibrosis (CF).(1) P. aeruginosa is the 
most prevalent pathogen causing severe lung disease in 
patients with CF.(2) P. aeruginosa infection can occur very 
early in life,(1,3-5) the risk of death being 2.6 times higher 
in CF patients infected with P. aeruginosa in the first 5 
years of life.(6) Once chronic infection is established, P. 
aeruginosa is virtually impossible to eradicate; therefore, 
early intervention is mandatory.(1,7) 

Several antibiotic strategies for P. aeruginosa eradication 
have been proposed in recent years.(8) Most include 
inhaled antibiotic therapy in isolation or in combination 
with systemic antibiotic therapy, and multistep eradication 
approaches are rarely used. In addition, despite evidence 
that early eradication of P. aeruginosa is beneficial, there are 
few reports of CF patients receiving eradication treatment 
upon first isolation of P. aeruginosa. Most studies include 
CF patients with a prior positive airway culture for P. 
aeruginosa.(8) It should be noted that there is currently 
no standard eradication treatment or evidence that a 
particular treatment is superior to other treatments.(7) 

In 2004, the CF center of the University of São Paulo 
School of Medicine Hospital das Clínicas Institute for 
Children, located in the city of São Paulo, Brazil, adopted 
a multistep P. aeruginosa eradication protocol guided by 
positive cultures for P. aeruginosa in airway secretions 
routinely collected from patients (Figure 1). It is expected 
that the use of systematic treatment protocols can 
eradicate initial colonization of the respiratory tract by P. 
aeruginosa in CF patients. A multistep approach is used 
in order to increase the chance of eradication in cases 
of new P. aeruginosa colonization, through long-term 
treatment for persistent or early recurrent infection. 
The objective of the present study was to describe the 
effectiveness of the multistep eradication protocol used 
in our institution. 

METHODS

Study design
This was a real-life retrospective cohort study with 

prospective outcome assessment. Data were collected 
from the medical records of pediatric patients (under 18 
years of age) followed at the CF Outpatient Clinic of the 
University of São Paulo School of Medicine Hospital das 
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Clínicas Institute for Children between June of 2004 
and December of 2012. The inclusion criteria were as 
follows: having undergone at least four cultures of 
airway secretions (oropharyngeal secretions, sputum, 
or bronchoalveolar lavage fluid) over a 12-month 
period; having acquired P. aeruginosa for the first 
time; and having undergone our multistep eradication 
protocol (Figure 2). The study was approved by the 
Research Ethics Committee of the University of São 
Paulo School of Medicine Hospital das Clínicas (Ruling 
no. 1175/24/2014). 

Multistep eradication protocol
Figure 1 shows a flow chart of our multistep P. 

aeruginosa eradication protocol. Patients with first 
P. aeruginosa isolation were eligible for eradication 
treatment. Patients were instructed to undergo culture 
of airway secretions 1-2 weeks after each treatment 
phase. Patients with a positive culture for P. aeruginosa 
moved on to the second phase of treatment. Those with 
a positive culture for P. aeruginosa after the second 

phase of treatment moved on to the third. Cases of 
patients with a negative culture for P. aeruginosa after 
the third phase of treatment were considered to be 
cases of successful eradication, whereas those of those 
with a positive culture were considered to be cases of 
eradication failure. 

Variables and outcomes
The efficacy of the eradication protocol was evaluated 

on the basis of culture results after each phase of 
treatment, a negative culture for P. aeruginosa 
indicating treatment success and a positive culture for 
P. aeruginosa indicating treatment failure. 

Clinical and epidemiological data were collected from 
medical records  during routine patient visits. The body 
mass index was calculated and converted to a z-score 
by the WHO Anthro Survey Analyser (World Health 
Organization, Geneva, Switzerland) for children ≤ 5 
years of age or by the WHO AnthroPlus software for 
those > 5 years of age.(9) The Shwachman-Kulczycki 
score(10) assesses disease severity by scores for physical 

Figure 1. Multistep Pseudomonas aeruginosa eradication protocol. Oral ciprofloxacin (25-50 mg/kg/day up to a maximum 
of 1,500 mg/day, 12/12 h). Inhaled colistimethate (1,000,000 IU, 12/12 h). Patients with pulmonary exacerbations 
requiring hospitalization received intravenous systemic antibiotics (ceftazidime, 150 mg/kg/day up to a maximum of 9 
g/day, 8/8 h, and amikacin, 20 mg/kg/day, 24/24 h), without changes in the inhaled antibiotic regimen. 

1st isolation

Phase 1
Oral ciprofloxacin (3 weeks) + inhaled colistimethate (6 weeks)

Phase 2
Oral ciprofloxacin (3 weeks) + inhaled colistimethate (3 months)

Phase 3
Oral ciprofloxacin (6 weeks) + inhaled colistimethate (6 months)

Positive culture

Positive culture

Positive culture

Negative culture

Negative culture

Negative culture

FAILURE SUCCESS
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activity, changes in pulmonary propedeutics, nutritional 
status, and chest X-ray findings, being measured 
annually in accordance with the institutional protocol. 

Statistical analysis
Success rates were assessed after each phase, 

as well as cumulatively, by dividing the number of 
negative cultures by the number of patients treated 
in each phase. Descriptive statistics were calculated, 
including measures of central tendency, measures of 
dispersion (interquartile range—IQR—and 95% CI), 
and proportions. 

RESULTS

Twenty-nine patients were included in the study. 
Their clinical and epidemiological characteristics are 
described in Table 1. It is noteworthy that the first 
colonization by P. aeruginosa occurred in preschoolers, 
most being male. 

During the 8.5-year study period, 47 episodes of P. 
aeruginosa colonization, in 29 patients, were eligible 
for eradication. Of those 47 episodes, 13 (27.7%) 
were accompanied by pulmonary exacerbations, 
with hospitalization and intravenous antibiotics being 
required in only 5.

Of the 47 episodes of P. aeruginosa isolation eligible 
for eradication, 87.2% were episodes of colonization 
with nonmucoid strains. The mean number of cultures 
of airway secretions over the course of 12 months was 
7 ± 2, and most (75%) of the cultures were cultures 
of oropharyngeal secretions. The median time elapsed 
between the end of eradication treatment phase 1 and 
culture of airway secretions was 16 days (IQR: 6-28 
days). The median time elapsed between the end of 
eradication treatment phase 2 and culture of airway 
secretions was 35 days (IQR: 14-43 days). The median 
time elapsed between the end of eradication treatment 
phase 3 and culture of airway secretions was 43 days 
(IQR: 31-63 days). 

All of the patients included in the present study 
completed the first phase of the eradication protocol. 
Eradication was successful in 17, whereas 12 moved 
on to the second phase of treatment because of 
a positive culture for P. aeruginosa after the first 

phase. Of those 12 patients, 6 achieved eradication 
and 6 moved on to the third phase of treatment. Of 
those 6 patients, 4 achieved eradication and 2 did not 
(Figure 3). Success rates for eradication in the three 
treatment phases were 58.6% (95% CI: 40.7-74.5), 
50.0% (95% CI: 25.4-74.6), and 66.7% (95% CI: 
30.0-90.3), respectively. The cumulative success rate 
was 93.1% (95% CI: 78.0-98.1). 

DISCUSSION

To our knowledge, ours is the first study to evaluate 
a P. aeruginosa eradication protocol in pediatric CF 
patients in Brazil. Our multistep eradication protocol in 
pediatric CF patients in Brazil. Our multistep eradication 
protocol was found to be effective in a real-life setting, 
with a high (93%) success rate. This finding shows 
that a multistep approach is a therapeutic strategy that 
can increase the success rate of eradication. However, 
the success rate after the first phase of treatment was 
approximately 60%, which is lower than that recently 
reported in the literature.(4,5,11) The reason for this is 
unknown. 

In contrast to most eradication protocols, ours was 
initiated after the first isolation of P. aeruginosa. 
Other studies have included pediatric CF patients 
previously infected with P. aeruginosa and generally 
older than those in our sample.(1,3,6,7,10-12) A minority 
received intravenous antibiotic therapy for pulmonary 
exacerbation at the time of P. aeruginosa eradication. 
We believe that this had no impact on treatment 
efficacy, given that there is no evidence in the literature 
that parenteral treatment increases the success of P. 
aeruginosa eradication.(7) The patients included in our 
study were younger than those in other studies; their 
median age was 2.7 years, whereas, in other studies, 
mean ages were 5.5 years(11) and 9 years.(4) This might 
explain the high success rate in our study, given that 
structural airway disease is less severe in younger 
populations. This shows the need for early therapeutic 
intervention to maximize the chance of success. 

Although eradication of P. aeruginosa is a well-
established treatment, there is insufficient evidence 
regarding the best approach.(13) There are few studies 
evaluating the effectiveness of multistep eradication 

Figure 2. Flow chart of the sample selection process. Pa: Pseudomonas aeruginosa. 

Patients meeting the inclusion criteria (n = 36)

Patients included in the study (n = 29)

Excluded patients (n = 7)
   6 patients (16.6%) failed to comply with the protocol
   1 patient (2.7%) was lost to follow-up
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approaches. A CF center in Denmark was the first to 
publish the results of implementing a multistep protocol 
for early treatment of P. aeruginosa colonization. 
Patients were treated with nebulized colistimethate and 
oral ciprofloxacin; drug dose and treatment duration 
varied across treatment phases, with a maximum 
duration of 3 months, resulting in a success rate 
of 78% and improved lung function in the treated 
patients.(6) In a study conducted in Italy,(14) 173 

patients received a multistep eradication treatment 
with nebulized colistimethate and oral ciprofloxacin 
for 3 weeks in the first phase. In the second phase, 
patients received double the dose of colistimethate, 
which was used for 3 months in those who moved 
on to the third phase of treatment. The success rate 
was 81%, with a median time of 18 months between 
eradication and new P. aeruginosa acquisition.(14) In a 
recently published study conducted at a CF center in 

Figure 3. Description of the effectiveness of the eradication protocol (cumulative success rate, 93.1%; 95% CI: 78.0-98.1). 

Table 1. Clinical and laboratory characteristics of patients in each treatment phase.a 
Parameter Phase 1 Phase 2 Phase 3

(n = 29) (n = 12) (n = 6)
Female sex 12 (41.4) 8 (66.7) 4 (66.7)
Age, years 2.7 (0.9-5.3) 3.6 (1.9-5.8) 3.8 (2.6-4.5)
BMI, z-score −0.4 (−1.0 to −0.7) −0.4 (−0.8 to −0.9) −1.2 (−1.6 to −1.1)
Genotype, %

Heterozygous F508del 13 (44.8) 4 (33.3) 2 (33.3)
Homozygous F508del 6 (20.7) 4 (33.3) 1 (16.7)
Other mutations 10 (34.5) 4 (33.3) 3 (50.0)

Shwachman-Kulczycki score 85.0 (85.0-90.0) 77.5 (72.5-90.0) 72.5 (60.0-82.5)
Pulmonary exacerbation of CF 9 (31.0) 4 (33.3) 1 (16.7)
Coinfection

Staphylococcus aureus 8 (27.6) 5 (41.7) 2 (33.3)
MRSA 1 (3.4) 1 (8.3) 0 (0.0)
Burkholderia cepacia complex 1 (3.4) 2 (16.7) 0 (0.0)

Pancreatic status
Pancreatic insufficiency 26 (86.2) 11 (91.7) 5 (83.3)

Use of inhaled medications
3% NaCl 1 (3.4) 0 (0.0) 0 (0.0)
Dornase alfa 3 (10.3) 1 (8.3) 0 (0.0)
Short-acting β2 agonist 4 (13.8) 1 (8.3) 1 (16.7)

BMI: body mass index; CF: cystic fibrosis; and MRSA: methicillin-resistant Staphylococcus aureus. aValues 
expressed as n (%) or median (interquartile range). 

Phase 1
29 patients

93.1%

Phase 2
12 patients

Phase 3
6 patients

Eradication failed in 2 patients

Eradication was successful
in 17 (58.6%)

Eradication was successful
in 6 (50.0%)

Eradication was successful
in 4 (66.7%)
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Canada, the effectiveness of a multistep eradication 
treatment protocol was evaluated.(4) The protocol 
was based on culture results and the presence of 
symptoms, with up to three phases of treatment with 
nebulized tobramycin for 28 days, with or without an 
intravenous antibiotic. The cumulative success rate was 
88%.(4) These results, as well as those of the present 
study, show that a multistep eradication protocol for 
P. aeruginosa has a high success rate. 

Although nebulized colistimethate is commonly used 
in combination with oral ciprofloxacin for P. aeruginosa 
eradication,(10) the role that nebulized antibiotic alone 
plays in eradicating P. aeruginosa has recently been 
highlighted, and there is a trend toward reducing the 
duration of eradication therapy.(7) A large, four-arm 
randomized clinical trial conducted in the USA was 
published in 2011,(11) involving 304 CF patients (mean 
age, 5.5 years) and lasting 18 months. Patients were 
divided into two groups: one group received cycled 
therapy every 3 months, regardless of follow-up culture 
results, and the other received culture-based therapy. The 
two groups of patients received eradication therapy with 
nebulized tobramycin for 28 days, with oral ciprofloxacin 
or oral placebo for 14 days. No difference in the rate of 
exacerbation or prevalence of P. aeruginosa positivity 
was detected between the two groups. According to 
the authors, the addition of oral ciprofloxacin produced 
no benefits and therapy should be guided by culture 
results.(11) In a study comparing the efficacy and safety 
of 28 days and 56 days of nebulized tobramycin for 
the treatment of early onset P. aeruginosa infection in 
CF patients,(5) it was shown that 93% and 92% of the 
patients were free of P. aeruginosa infection 1 month 
after the end of treatment for 28 days and 56 days, 
respectively, and that the median time to recurrence 
of P. aeruginosa was similar between the two groups 
(6-9 months vs. 9-12 months). The authors found that 
treatment with nebulized tobramycin for 56 days was 
not superior to treatment with nebulized tobramycin 
for 28 days.(5) These findings support the use of inhaled 
antibiotics for 28 days and suggest that the use of an 
inhaled antibiotic in combination with ciprofloxacin be 
considered on a case-by-case basis (e.g., in patients 
with pulmonary exacerbations and first-ever isolation 
of P. aeruginosa). 

In European countries, colistimethate is the most 
commonly used inhaled antibiotic therapy for P. 
aeruginosa eradication,(6,7,13,15) whereas, in North 
America, tobramycin is.(4,5,11) In a multicenter 
randomized controlled clinical trial conducted at a CF 
center in Belgium and including more than 200 patients, 
eradication therapy with nebulized tobramycin + oral 
ciprofloxacin was compared with eradication therapy 
with nebulized colistimethate + oral ciprofloxacin for 28 
days, treatment success rates being similar between 

the two strategies (63% and 65%, respectively).(3) In a 
study including 105 CF patients and comparing nebulized 
tobramycin for 28 days with nebulized colistimethate 
+ oral ciprofloxacin for 3 months, the two eradication 
regimens were shown to be equivalent (eradication 
rate, 80% vs. 90%).(1) The Brazilian guidelines for the 
diagnosis and treatment of CF recommend the use of 
inhaled tobramycin for 28 days as the treatment of first 
choice, inhaled colistimethate with oral ciprofloxacin 
for 2-3 weeks being recommended as an alternative 
treatment option.(16) Therefore, the two inhaled antibiotic 
therapies are effective in eradicating P. aeruginosa, 
with the choice being based on drug availability and 
patient tolerance. 

The limitations of our study include the retrospective 
design based on medical record review, which precludes 
the analysis of data on treatment adherence and 
correct medication use. However, this probably had 
little impact on our results, because the eradication 
rate was high. Another limitation is that lung function 
was not assessed given the young age of the study 
population, although it would have shown interesting 
data. Despite this limitation, the study included patients 
with first P. aeruginosa isolation, thus producing a 
sample that was more homogeneous and providing 
important real-life information. 

The criterion for successful eradication in the present 
study was a negative culture for P. aeruginosa after 
the end of each treatment phase. It is known that the 
primary goal of eradication treatment is to achieve a 
sustained response (i.e., at least 6 months without P. 
aeruginosa isolation). However, this was not evaluated 
in our study, meaning that the eradication success rate 
might have been overestimated. 

In conclusion, our multistep P. aeruginosa eradication 
protocol appears to be effective in very young CF patients 
with first P. aeruginosa isolation, with a success rate of 
93%. Although many studies have described one-step 
eradication protocols, the present study demonstrated 
in a real-life setting that a multistep eradication protocol 
is effective and sometimes necessary. Larger, long-term 
multicenter studies with comparator arms evaluating 
first P. aeruginosa colonization are needed in order to 
identify the best treatment regimen for P. aeruginosa 
eradication and the best intervention in cases of failure. 
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ABSTRACT
Objective: The aim of this study was to describe practices for weaning from mechanical 
ventilation (MV), in terms of the use of protocols, methods, and criteria, in pediatric 
ICUs (PICUs), neonatal ICUs (NICUs), and mixed neonatal/pediatric ICUs (NPICUs) in 
Brazil. Methods: This was a cross-sectional survey carried out by sending an electronic 
questionnaire to a total of 298 NICUs, PICUs, and NPICUs throughout Brazil. Results: 
Completed questionnaires were assessed for 146 hospitals, NICUs accounting for 
49.3% of the questionnaires received, whereas PICUs and NPICUs accounted for 
35.6% and 15.1%, respectively. Weaning protocols were applied in 57.5% of the units. 
In the NICUs and NPICUs that used weaning protocols, the method of MV weaning 
most commonly employed (in 60.5% and 50.0%, respectively) was standardized gradual 
withdrawal from ventilatory support, whereas that employed in most (53.0%) of the 
PICUs was spontaneous breathing trial (SBT). During the SBTs, the most common 
ventilation mode, in all ICUs, was pressure-support ventilation (10.03 ± 3.15 cmH2O) with 
positive end-expiratory pressure. The mean SBT duration was 35.76 ± 29.03 min in the 
NICUs, compared with 76.42 ± 41.09 min in the PICUs. The SBT parameters, weaning 
ventilation modes, and time frame considered for extubation failure were not found to be 
dependent on the age profile of the ICU population. The findings of the clinical evaluation 
and arterial blood gas analysis are frequently used as criteria to assess readiness for 
extubation, regardless of the age group served by the ICU. Conclusions: In Brazil, the 
clinical practices for weaning from MV and extubation appear to vary depending on the 
age group served by the ICU. It seems that weaning protocols and SBTs are used mainly 
in PICUs, whereas gradual withdrawal from ventilatory support is more widely used in 
NICUs and NPICUs.

Keywords: Ventilator weaning/methods; Respiration, artificial; Airway extubation/
methods; Intensive care units, pediatric/standards; Intensive care units, neonatal/
standards.
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INTRODUCTION

Determining the optimal timing of weaning from 
mechanical ventilation (MV) and of extubation continues to 
be a challenge in ICUs.(1,2) In pediatrics and neonatology, 
there is no strong evidence of an effective and standardized 
method for MV weaning; nor are there any validated 
tests or criteria that are considered reliable means of 
determining patient readiness for extubation.(3-7)

A variety of strategies and criteria for weaning and 
extubation have been described in the literature, including 
evaluation of ventilatory parameters, clinical/biochemical 
criteria, and predictive indices of extubation that can be 
followed by or combined with spontaneous breathing 
trials (SBTs) or gradual withdrawal from ventilatory 
support.(3,4,6-9) It is important to standardize the criteria 
and methods of evaluating these variables, to identify 
accurate, reproducible predictors of weaning from MV and 

extubation.(1,2) Few studies have evaluated the weaning 
and extubation practices in pediatric and neonatal ICUs 
(PICUs and NICUs, respectively).(4,8-13)

To our knowledge, there have been no comprehensive 
studies characterizing the clinical practices for weaning 
and extubation in NICUs and PICUs. Therefore, this 
survey aims to describe the characteristics related to 
the application of protocols, methods, and criteria used 
in the process of MV weaning and extubation in such 
ICUs in Brazil.

METHODS

Study design and population
This was a cross-sectional analytical survey, designated 

the Weaning Survey-Brazil, involving a nationwide sample 
of 693 ICUs identified from the National Registry of 
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Health Care Facilities of the Brazilian National Ministry 
of Health.(14) Of those 693 facilities, 337 are NICUs, 
323 are PICUs, and 33 are mixed neonatal/pediatric 
units (NPICUs).

To define our study sample, the number of ICUs 
was calculated(15) so that the survey would represent 
all of Brazil. The sample size calculation considered 
a significance of α = 0.05 and a statistical power of 
1 − β = 0.95, with a minimum recommended sample 
in each state/region according to the sample of ICUs 
registered with the National Registry of Health Care 
Facilities, resulting in a minimum sample size of 82 ICUs. 

We obtained e-mail addresses or telephone numbers 
for professionals to contact at 298 ICUs by consulting 
the membership list of the Brazilian Association of 
Intensive Care Medicine and by making telephone calls 
to the hospitals whose ICUs were registered with the 
National Registry of Health Care Facilities (Figure 1). 
The ICU professionals contacted were the coordinator 

or intensivist in charge of each ICU (physical therapist/
respiratory therapist, physician, or nurse). 

Development of the survey 
The survey was developed by the main researchers, 

who were experts in intensive care, and was based on 
a review of relevant literature and other surveys. (1,4,11,12) 
A pilot study was conducted with 10 practitioners 
representing each ICU type (NICUs, PICUs, and 
NPICUs) and from each profession, to allow correction 
for potential confounding factors in the items on the 
questionnaire. Using Google Forms, a web-based 
survey tool, we developed a survey questionnaire 
containing 23 questions, divided into 11 subscales, 
with mandatory responses. 

We collected data on the MV weaning and extubation 
processes in the neonatal and pediatric age groups. 
The issues addressed were aspects of ICU practice 
regarding the application of weaning protocols; weaning/

693 ICUs registered (NRHCF)

Exclusion (n = 254)

No contact info obtained

Contact info obtained (n = 439)

Exclusion (n = 141)
 - Contact unsuccessful (n = 92)
 - Duplicate contacts (n = 42)
 - E-mail address incorrect (n = 7)

Questionnaires assessed (n = 146)

Exclusion (n = 10)
 - No authorization form (n = 7)
 - Duplicates (n = 3)

Questionnaires sent (n = 298)

Questionnaires completed/returned (n = 156)

Figure 1. Flow chart of ICU selection process. NRHCF: (Brazilian National Ministry of Health) National Registry of Health 
Care Facilities.
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extubation methods and strategies; application of 
SBTs; weaning ventilation modes; weaning/extubation 
readiness criteria; and the clinical indicators recorded. 
We also evaluated aspects related to weaning/extubation 
failure in each type of ICU (NICU, PICU, and NPICU).

The initial contact with eligible respondents was made 
through a personalized e-mail containing a link to the 
electronic survey, as well as an invitation to take part 
in the survey, and the authorization form was sent to 
the coordinator or intensivist in charge of each ICU 
(physical therapist/respiratory therapist, physician, or 
nurse). Only one of those was a representative of the 
ICU. After the initial invitation, reminders were sent 
and phone calls were made until the minimum sample 
size was reached for each state/region.

Ethical considerations
This study was approved by the Research Ethics 

Committee of the Federal University of Uberlandia 
(Reference no. 1.301.015). Participation was voluntary, 
and the survey included those ICUs for which the 
authorization form was signed by and received from 
the coordinator or intensivist in charge. 

Statistical analysis
Multiple-response categorical variables were compared 

by using chi-square tests.(16) Continuous variables were 
evaluated for normality with the Kolmogorov-Smirnov 
test and were compared by using the Kruskal-Wallis 
test followed by the Games-Howell post hoc test. 
The results are expressed as absolute and relative 
frequencies or as medians and interquartile ranges 
(IQRs). Multiple comparisons of proportions were 
performed in the program R (R Development Core 
Team, 2017).(17) For all analyses, values of p < 0.05 
were considered significant. 

RESULTS

Of the 298 questionnaires sent, 156 were completed 
and returned, corresponding to a response rate of 52.3%. 
However, 10 questionnaires were excluded, either 
because of duplication (two questionnaires received 
from the same ICU) or because the authorization form 
was not received (Figure 1). Therefore, the final sample 
comprised 146 questionnaires: 72 (49.3%) received 
from NICUs; 52 (35.6%) received from PICUs; and 22 
(15.1%) received from NPICUs. Our survey included 
ICUs in all 26 states and in the Federal District, across 
all regions of the country, the response rates ranging 
from 13.0% to 100.0% for each state and from 16.0% 
to 36.3% for each region.

Of the 146 respondents, 84 (57.5%) reported that 
weaning protocols were employed in their ICUs. Among 
those 84 ICUs, the most commonly applied method 
of MV weaning was standardized gradual withdrawal 
from ventilatory support, in 39 (46.4%), followed by 
SBT, in 34 (40.5%). Among the 61 ICUs (41.8%) for 
which the use of weaning protocols was not reported, 
the main weaning strategy, in 33 (54.1%), was gradual 

withdrawal from ventilatory support based on clinical 
judgment (Table 1).

Of the 145 ICUs for which data regarding the use of 
SBTs were available, 60 (41.3%) reported using them, 
although information regarding the ventilation modes 
used during SBT and the average pressure values 
applied were available for only 54: continuous positive 
airway pressure (CPAP) of 5 cmH2O, in 7 (13.0%); 
pressure-support ventilation (PSV) at a median of 10.0 
cmH2O (IQR, 8.0-12.0 cmH2O) together with positive 
end-expiratory pressure (PEEP) at a median of 5.0 
cmH2O (5.0-5.5 cmH2O), in 43 (79.6%); and a T-piece 
connected to an oxygen source with an FiO2 of 0.4, in 
4 (7.4%). Regarding the median SBT duration, there 
was a significant difference among the ICU profiles (p 
= 0.004), as well as significant differences between 
them: 30.0 min (IQR, 20.0-60.0 min) in the NICUs 
vs. 67.5 min (IQR, 30.0-120.0 min) in the PICUs (p 
= 0.001); and 45.0 min (IQR, 30.0-60.0 min) in the 
NPICUs (p > 0.050 vs. the NICUs and PICUs). However, 
the median SBT duration did not differ significantly 
among the three ventilation modes (p = 0.053): 15.0 
min (IQR, 10.0-30.0 min) for CPAP vs. 60.0 min (IQR, 
30.0-120.0 min) for PSV+PEEP vs. 60.0 min (IQR, 
20.0-75.0 min) for the T-piece trial. The time frame 
considered for extubation failure and other variables 
collected are presented in Table 2. The ventilation 
modes used during weaning are shown in Figure 2. 
The ventilation mode most often employed during 
the weaning of pediatric patients from MV (in PICUs 
and NPICUs) was the combination of synchronized 
intermittent mandatory ventilation (SIMV) and PSV, 
shifted to PSV alone before extubation. For neonatal 
patients, there was no one mode that was predominant, 
in the NICUs or the NPICUs.

Among the NICUs, the main causes of extubation 
failure reported were apnea, in 68.1%, respiratory 
distress, in 54.2%, and clinical hemodynamic, infectious, 
or neurological worsening, in 34.7%. Among the NPICUs, 
the main causes of extubation failure reported for the 
neonatal patients were respiratory distress, in 59.1%, 
clinical worsening, in 59.1%, and apnea, in 50.0%. 
Among the PICUs, the main causes of extubation failure 
reported were upper airway obstruction, in 59.6%, 
neurological or neuromuscular disease, in 51.9%, and 
respiratory distress, in 44.2%. Among the pediatric 
patients admitted to the NPICUs, the most common 
cause of extubation failure was respiratory distress, 
in 59.1%, followed by upper airway obstruction, in 
45.5%, and prolonged sedation time, in 36.4%.

The three types of ICU were compared in terms of the 
strategies employed in protocolized and non-protocolized 
MV weaning, as well as the SBT ventilation modes 
and other variables (Table 3). The proportion of ICUs 
using weaning protocols was comparable between the 
NICUs and NPICUs (52.8% and 57.1%, respectively), 
whereas it was higher (65.4%) among the PICUs. 
Regarding the methods of liberation from MV, 60.5% 
of the NICUs and 50.0% of the NPICUs reported using 
standardized gradual withdrawal from ventilatory 
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support, whereas SBT was the most common method 
used in most (53.0%) of the PICUs and in 41.7% of the 
NPICUs, compared with 29.0% of the NICUs. Among 
the ICUs which did not report using weaning protocols, 
a gradual withdrawal from ventilatory support based 
on clinical judgment was employed in 67.6% of the 
NICUs and 77.8% of the NPICUs, compared with only 
16.7% of the PICUs. The proportion of ICUs using the 
SBT strategy after withdrawal from ventilatory support 
was highest (83.3%) among the PICUs (Table 3).

Table 4 shows a comparison between the ICUs with 
protocolized weaning and those without, in terms of 
weaning and extubation criteria, as well as extubation 
failure and its characteristics. Some significant 
differences were identified.

DISCUSSION

To our knowledge, the Weaning Survey-Brazil is 
the first study to evaluate MV weaning practices in 
the pediatric and neonatal age groups in Brazil. We 
found that the clinical practice for weaning from MV 
and extubation varies according to the age group 
served by the ICU. 

Our results indicate that most of the participating ICUs 
(57.5%) employ weaning and extubation protocols, 
and that such protocols are employed most often in the 
PICUs. Overall, the most common method of weaning 
from MV was found to be gradual withdrawal from 
ventilatory support, which was employed in 49.7% of 
the ICUs surveyed, especially in the NICUs and NPICUs, 
although most of the PICUs employed the SBT method. 

Protocols are useful for conducting safe, efficient MV 
weaning, reducing unnecessary or harmful variations in 
the process.(18) However, we found that the MV weaning 
protocols employed differed from one ICU to another, 
demonstrating that there are no standardized protocols 
in the fields of pediatrics and neonatology. Although 
such protocols should be used as a complement to 
clinical judgment,(18) gradual withdrawal from ventilatory 
support, based on clinical judgment, is the weaning 
approach more frequently applied in neonatal and 
pediatric patients, extubation being performed after 
the minimal ventilation parameters have been reached 
or the patient has undergone a successful SBT.(3) There 
is no consensus on which MV weaning method is the 
best,(19) and it is possible that not all patients require 
gradual weaning.(3)

Table 1. Practices related to weaning from mechanical ventilation and spontaneous breathing trials in neonatal and 
pediatric ICUs in Brazil.

Practice n (%)
Use of a weaning protocol (N = 146)

Yes 84 (57.5)
No 61 (41.8)
Unknown 1 (0.7)

Weaning protocol employed (n = 84)a

Standardized gradual withdrawal from ventilatory support 39 (46.4)
SBT with or without daily interruption of sedation 34 (40.5)
Other 11 (13.1) 

Non-protocolized weaning strategies (n = 61)a

Gradual withdrawal from ventilatory support based on clinical judgment 33 (54.1)
SBT after parameter reduction 26 (42.6)
Others 2 (3.3)

Ventilation modes during SBT (n = 54)a

PSV+PEEP 43 (79.6)
CPAP 7 (13)
T-piece 4 (7.4)

Parameters monitored during SBT (n = 54)a

Respiratory effort 53 (98.1)b

SpO2 51 (94.4)b

Vital signs 47 (87)b

Conscious level 32 (59.3)b

Tidal volume 27 (50)b

Cough reflex 19 (35.2)b

PaO2/FiO2 ratio 12 (22.2)b

SpO2/FiO2 ratio 7 (13)b

Exhaled CO2 6 (11.1)b

SBT: spontaneous breathing trial; PSV: pressure-support ventilation; PEEP: positive end-expiratory pressure; and 
CPAP: continuous positive airway pressure. aNumber of respondents differed from the total. bTotal may be greater 
than 100% because the respondents could choose more than one response. 

J Bras Pneumol. 2020;46(4):e20190005 4/10



Mechanical ventilation weaning practices in neonatal and pediatric ICUs in Brazil: the Weaning Survey-Brazil

Two previous studies carried out in PICUs in Europe 
showed that weaning protocols were either available 
in few (22%) of the PICUs(20) or were seldom used, 
being employed in only 9%.(10) Regarding the weaning 
methods, those same studies indicated that the 
weaning methods adopted varied according to clinical 
preferences(10) and that SBTs were applied in 44%.(20) 
A prospective cohort(9) evaluating PICUs in the United 
States found that most (62%) use SBT as a method 
of weaning from MV, similar to the 83.3% found in 
the present study. However, the proportion of NICUs 
using weaning protocols has varied across surveys 
carried out in different countries,(11,12) where an SBT 
was either not part of the weaning practice(12) or was 
rarely used.(11)

In general, SBTs are applied as an early means of 
determining whether a patient is capable of spontaneous 
autonomous breathing and is ready to be extubated.(7) 

Studies involving pediatric patients(21-24) and neonatal 
patients(6,25,26) suggest that SBTs are applicable in 
those age groups, showing that the trials have high 
sensitivity for predicting successful extubation. In the 
present study, we found that the SBT ventilation mode 
most often employed was CPAP in the NICUs, whereas 
it was PSV+PEEP in the PICUs. Ventilatory support and 
SBT duration varied regardless of the method chosen, 
as has been described in previous studies conducted 
in other countries.(4,9-11) When PSV+PEEP is employed, 
the PSV is typically ≤ 10 cmH2O.(21,22,24,27-29) In keeping 
with our findings, most neonatology studies of SBT 
have used the CPAP ventilation mode, with rates of 3-5 
cmH2O and a duration of 3-120 min.(6,11,25,26,30) In the 
present survey, we found that the parameters usually 
monitored during SBT are respiratory effort, SpO2, and 
vital signs, as shown in previous studies of pediatric 
patients(21-23,28,29) and neonatal patients.(6,25,26,30)

Table 2. Criteria for weaning from mechanical ventilation and extubation in neonatal and pediatric ICUs in Brazil.
Criteria and other variables n (%)

Weaning and extubation readiness criteria (N = 146)
Clinical criteria 11 (7.5)
Clinical and biochemical criteria 101 (69.2)
Clinical criteria, biochemical criteria, and predictive indices 33 (22.6)
Clinical criteria and predictive indices 1 (0.7)

Biochemical criteria (n = 134)a

Arterial blood gas analysis 129 (96.3)b

Other 80 (59.7)b

Predictive indices (n = 33)a

RSBI 14 (42.4)b

MV parameters 11 (33.3)b

MIP, MEP, or both 6 (18.2)b

SBT 4 (12.1)b

PaO2/FiO2 ratio 4 (12.1)b

Other 15 (45.4)b

Time frame considered for extubation failure (N = 146)
24 h 39 (26.7)
48 h 68 (46.6)
72 h 14 (9.6)
Undefined 25 (17.1)

Number of extubation attempts (N = 146)
Most patients are successfully extubated on the first attempt 130 (89)
Most patients require up to 3 attempts 13 (8.9)
Most patients require more than 3 attempts 0 (0.0)
Could not inform 3 (2.1)

Use of a weaning protocol after extubation failure on the first attempt (N = 146)
No 94 (64.4)
Yes 41 (28.1)
In some cases 11 (7.5)

Registration of clinical indicators (N = 146)
Time on MV 139 (95.2)b

Cause of extubation failure 88 (60.3)b

Weaning time 40 (27.4)b

RSBI: rapid shallow breathing index; MV: mechanical ventilation; and SBT: spontaneous breathing trial. aNumber 
of respondents differed from the total. bTotal may be greater than 100% because the respondents could choose 
more than one response. 
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The impact of applying MV weaning protocols is 
typically evaluated by clinical indicators such as the 
time on MV, weaning time, and extubation failure 
rate. (5,19,22,27,31) In the present survey, the time on MV 
was an indicator recorded in all ICUs, although weaning 
time was not commonly recorded. In one systematic 
review,(5) it was suggested that weaning protocols 
decrease the time on MV in children. However, there 
is still insufficient evidence to support that suggestion, 
especially as it applies to neonates.(19) 

In the present survey, we found that the majority 
of patients were successfully extubated on the first 
attempt, regardless of whether the ICU employed 
protocolized weaning or not. We also found that ICU 
teams that did not apply weaning protocols also did 
not apply protocols after extubation failure. Extubation 
failure is defined as the need for reintubation within 
the first 24-72 h after extubation.(3,6,22,29,30,32) Many 
of the ICUs evaluated in the present survey defined 
extubation failure as a need for reintubation within the 
first 48 h after extubation. That definition was more 
often used in the PICUs than in the NICUs and NPICUs. 

The causes of extubation failure were more often 
recorded in the PICUs and in the ICUs that employed 
weaning protocols. Obstruction of the upper airways 
was the most common cause of extubation failure, 
as has been reported in previous studies involving 

pediatric patients.(8,21,23,27) Among the neonates, apnea 
was the most commonly reported cause of extubation 
failure, as has also been reported previously.(26,30,32,33)

The use of a combination of subjective and objective 
criteria might have greater predictive accuracy in 
assessing fitness for liberation from ventilatory support 
and has provided major insights into the mechanisms 
of weaning failure.(18,34) Clinical and laboratory criteria, 
as well as the application of predictive indexes(2) can 
assist in assessing readiness for extubation.(3,35) In our 
survey, we observed that 69.2% of the ICUs evaluated 
were using clinical and laboratory criteria, mainly the 
arterial blood gas data, to evaluate patient readiness 
for weaning and extubation. The predictive index most 
often employed was the rapid shallow breathing index. 
However, when asked about the predictive indices 
employed, 33.3% of the respondents reported using 
the MV parameters and 45.4% reported using other 
criteria, which shows that there is a lack of knowledge 
regarding the correct terms related to the predictive 
indices. 

Corroborating our findings, previous surveys conducted 
in other countries have found that the criteria most 
often evaluated to determine extubation readiness were 
clinical criteria in PICUs,(4) whereas the criteria most 
often evaluated in NICUs were ventilation parameters 
(in 98%), blood gas analyses (in 92%), and clinical 

Figure 2. Ventilation modes during weaning in neonatal ICUs (NICUs, n = 72), pediatric ICUs (PICUs, n = 52), and 
mixed neonatal/pediatric ICUs (NPICUs, n = 22). IMV: intermittent mandatory ventilation; TCPL: time-cycled pressure-
limited (ventilation); SIMV: synchronized intermittent mandatory ventilation; and PSV: pressure-support ventilation. 
*NPICUs answered questions related to ventilation modes during weaning separately for neonatal and pediatric patients. 
†Shifted from SIMV+PSV to PSV alone before extubation.
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stability/hemodynamics (in 86%).(11) However, other 
studies involving pediatric patients have shown that 
ventilatory parameters prior to extubation and arterial 
blood gas values were not associated with the success 
or failure of extubation.(8,36) Another study involving 
pediatric patients in Brazil,(37) observed that the rapid 
shallow breathing index and blood gas analyses 
were not predictors of extubation failure in the 
postoperative period after cardiac surgery. There are 
as yet no accurate, reliable criteria to predict success 

in weaning and extubation in neonatal and pediatric 
populations. (33,35) Therefore, subjective rather than 
evidence-based criteria are employed in most ICUs 
around the world.(2,32)

A variety of ventilation modes are used for MV weaning 
in pediatric patients.(5) A survey carried out in PICUs in 
Italy(38) found that SIMV+PSV was the ventilation mode 
most commonly used for weaning, whereas another 
study(9) reported that the PSV weaning mode was more 

Table 3. Comparison among ICUs serving different age groups, in terms of ventilator weaning and extubation practices, 
in Brazil.

Practice NICU PICU NPICU
(n = 75) (n = 52) (n = 22)

Use of a weaning protocol, %
Yes 52.8aA 65.4aA 57.1aA

No 47.2aA 34.6bA 42.9aA

Weaning protocol employed, %
Standardized gradual withdrawal from ventilatory support 60.5aA 29.4abB 50.0aAB

SBT with or without daily interruption of sedation 29.0bA 53.0aA 41.7aA

Other 10.5bA 17.6bA 8.3aA

Non-protocolized weaning strategies, %
Gradual withdrawal from ventilatory support based on clinical judgment 67.6aA 16.7bB 77.8aA

SBT after parameter reduction 26.5bB 83.3aA 22.2bB

Other 5.9b --- ---
Ventilation modes during SBT, %

CPAP 27.8bA 6.7bB ---
PSV+PEEP 66.7aA 86.7aA 83.3aA

T-piece 5.5bA 6.7bA 16.7bA

Weaning and extubation readiness criteria, %
Clinical criteria 4.1bA 13.7bA 4.5bA

Clinical and biochemical criteria 73.6aA 58.9aA 81.8aA

Clinical criteria, biochemical criteria, and predictive indices 22.3bA 27.4bA 13.7bA

Clinical criteria and predictive indices --- --- ---
Time frame considered for extubation failure, %

24 h 27.8aA 23.1bA 31.8abA

48 h 36.1aB 59.6aA 50.0aAB

72 h 12.5bA 5.8bA 9.1bA

Undefined 23.6aA 11.5bA 9.1bA

Use of a weaning protocol after extubation failure on the first attempt, %
Yes 26.4bA 26.9bA 36.4abA

No 65.3ªA 65.4aA 59.1aA

In some cases 8.3bA 7.7bA 4.5bA

Time on MV recorded, %
Yes 94.4ªA 96.2ªA 95.5ªA

No 5.6bA 3.8bA 4.5bA

Weaning time recorded, %
Yes 25.0bA 32.7bA 22.7bA

No 75.0aA 67.3aA 77.3aA

Causes of extubation failure recorded, %
Yes 56.9aA 65.4aA 59.1aA

No 43.1aA 34.6bA 40.9aA

NICU: neonatal ICU; PICU: pediatric ICU; NPICU: (mixed) neonatal/pediatric ICU; SBT: spontaneous breathing 
trial; CPAP: continuous positive airway pressure; PSV: pressure-support ventilation; PEEP: positive end-expiratory 
pressure; and MV: mechanical ventilation. Proportions followed by the same superscript letters (in lower case for 
columns and in upper case for rows) did not differ statistically from each other in the multiple comparison tests, p 
< 0.05 being considered significant. 

J Bras Pneumol. 2020;46(4):e201900057/10



Bacci SLLS, Johnston C, Hattori WT, Pereira JM, Azevedo VMGO.

widely used in PICUs in other countries. However, 
other surveys showed that SIMV is the preferential 
weaning or pre-extubation ventilation mode in NICUs 
in the United Kingdom(13) and Canada.(12) The best 
ventilation mode for weaning from MV has not been 
established in the field of neonatology.(39)

The Weaning Survey-Brazil has some limitations. 
First, we were unable to obtain contact information for 
all of the relevant ICUs in Brazil, due to the absence 
of a single registry containing all such information. 
In addition, some ICU coordinators did not sign the 
authorization form. Another limitation is that each 
questionnaire was completed by only one individual. 
However, we believe that the questionnaire reliably 
evaluated the practices in each ICU, because it was 
completed by the coordinator or intensivist responsible 
for the unit. In fact, it is possible that the respondents 
adopted better weaning and extubation practices as 
they completed the questionnaire. This is a limitation 
of surveys. Nonetheless, it is noteworthy that this 
was the first survey to evaluate the profile, in terms 
of weaning and extubation practices, of NICUs and 
PICUs in Brazil. In addition, our survey included all of 
the states and regions of the country. Furthermore, the 
size of the survey sample (n = 146) was larger than 
the minimum calculated (n = 82) as being required 

to be representative of all ICUs in Brazil. The results 
allow us to understand the practices related to the 
weaning and extubation processes in the NICUs and 
PICUs of Brazil, enabling the planning and development 
of future standardized protocols for the MV weaning in 
each age group. Optimization of the weaning process 
could reduce variations in clinical practice, as well 
as reducing the time on MV, thus reducing the risks 
associated with ventilation and the costs to the public 
health system. 

In conclusion, the present survey showed that the 
weaning and extubation practices in Brazil vary widely 
as a function of the age group served by the ICU. The 
most common weaning strategy in Brazil is a gradual 
withdrawal from ventilatory support, and protocolized 
weaning is more common in PICUs. In PICUs, an SBT 
is more often performed in the PSV+PEEP ventilation 
mode, although the duration of the trial was quite 
variable. In most NICUs and PICUs in Brazil, readiness 
for extubation is further assessed by clinical and blood 
gas analysis.

Further studies are needed in order to evaluate the 
clinical impact of the methods and strategies adopted 
for MV weaning and extubation of pediatric and 
neonatology patients in Brazil. Such studies should be 

Table 4. Comparison between ICUs with protocolized ventilator weaning and those without.
Criteria and other variables Use of a weaning protocol

Yes No
Weaning and extubation readiness criteria, %

Clinical criteria 8.3c 6.7c

Clinical and biochemical criteria 59.6a 83.3a

Clinical criteria, biochemical criteria, and predictive indices, % 32.1b 10.0b

Clinical criteria and predictive indices --- ---
Time frame considered for extubation failure, %

24 h 34.5a 14.7c

48 h 42.9a 52.5a

72 h 14.3b 3.3c

Undefined 8.3b 29.5b

Frequency of extubation attempts, %
Patients successfully extubated on the first attempt 92.9a 87.9a

Patients required up to 3 extubation attempts 7.1b 12.1b

Use of a weaning protocol after extubation failure on the first attempt, %
Yes 46.4a 3.3b

No 47.6a 88.5a

In some cases 6.0b 8.2b

Time on MV recorded, %
Yes 94.0a 96.7a

No 6.0b 3.3b

Weaning time recorded, %
Yes 36.9b 14.8b

No 63.1a 85.2a

Causes of extubation failure recorded, %
Yes 71.4a 45.9a

No 28.6b 54.1a

MV: mechanical ventilation. Proportions followed by the same superscript lowercase letters in columns did not differ 
statistically from each other in the multiple comparison tests, p < 0.05 being considered significant.
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based on the safety, quality, and productivity indicators 
applicable in ICUs.
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ABSTRACT
Objective: To compare the effects of voluntary breath stacking (VBS) and involuntary 
breath stacking (IBS) techniques on respiratory mechanics, lung function patterns, and 
inspiratory capacity in tracheostomized patients. Methods: This was a randomized 
crossover clinical trial involving 20 tracheostomized patients admitted to the ICU and 
submitted to the VBS and IBS techniques, in random order, with an interval of 5 h 
between each. Ten cycles of each technique were performed with an interval of 30 s 
between each cycle. In VBS, patients performed successive inspirations for up to 30 s 
through a one-way valve, whereas in IBS, successive slow insufflations were performed 
with a resuscitator bag until the pressure reached 40 cmH2O. Respiratory mechanics, 
inspiratory capacity, and the lung function pattern were evaluated before and after the 
interventions. Results: After IBS, there was an increase in static compliance (p = 0.007), 
which was also higher after IBS than after VBS (p = 0.03). There was no significant 
difference between the pre-VBS and post-VBS evaluations in terms of static compliance 
(p = 0.42). Inspiratory capacity was also greater after IBS than after VBS (2,420.7 ± 480.9 
mL vs. 1,211.3 ± 562.8 mL; p < 0.001), as was airway pressure (38.3 ± 2.6 cmH2O vs. 
25.8 ± 5.5 cmH2O; p < 0.001). There were no changes in resistance or lung function 
pattern after the application of either technique. Conclusions: In comparison with VBS, 
IBS promoted greater inspiratory capacity and higher airway pressure, resulting in an 
increase in static compliance.

Keywords: Mucociliary clearance; Respiratory care units; Respiratory mechanics; Physical 
therapy modalities.
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INTRODUCTION

Patients admitted to the ICU show increased mucus 
production and impaired mucociliary clearance. The 
deleterious effects of prolonged bed rest, acquired muscle 
weakness, and advanced age make it difficult to mobilize 
and eliminate mucus.(1) Acquired respiratory muscle 
weakness due to long ICU stays reduces lung volume, 
sighing, and peak cough flow (PCF), resulting in decreased 
expansion of the lungs and rib cage.(2) The progressive 
loss of inspiratory muscle strength leads to a restrictive 
pattern of lung function, causing complications such 
as atelectasis, pulmonary infection, and gas exchange 
dysfunction. In addition, deterioration of the expiratory 
muscles decreases cough effectiveness.(1) The combination 
of a restrictive pattern of lung function and the inability 
to adequately clear pulmonary secretions increases the 
incidence of respiratory complications. (3,4) In patients 
with neuromuscular disease, increased survival is related 
to bronchial hygiene measures, such as assisted cough 
and manual hyperinflation.(4)

Involuntary breath stacking (IBS) can be defined as 
a technique of pulmonary insufflation through multiple 
inspiratory efforts achieved with the assistance of a 
resuscitator bag. IBS is performed with a one-way valve 
and has the objective of producing volumes greater than 
the resting inspiratory capacity (IC).(2) The benefits of IBS 
include increased inspiratory volume, improved thoracic 
mobility, prevention of atelectasis, and mobilization of 
secretions. IBS is widely used in order to improve cough 
effectiveness in patients with neuromuscular diseases, 
such as Duchenne muscular dystrophy, quadriplegia, and 
amyotrophic lateral sclerosis, because of the associated 
respiratory muscle weakness.(2,5)

Voluntary breath stacking (VBS) is based on 
encouraging inspiration by occluding the expiratory port 
of the one-way valve and allowing only the inspiratory 
flow.(6) However, the patient should actively recruit 
progressively increasing volumes of air, via contraction 
of respiratory muscles. The VBS technique came to be 
widely used after it was shown to produce higher vital 
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capacity values than did the conventional method in 
patients with an obstructive or restrictive pattern of 
lung function, in those with neuromuscular disease, 
and in healthy individuals.(7)

We have found no studies that compared the 
therapeutic effects of the VBS and IBS techniques or 
analyzed the volumes recruited and pressures achieved 
by the two techniques in tracheostomized patients 
admitted to the ICU. The hypothesis of the present 
study was that IBS would increase IC, with clinically 
relevant effects on lung compliance. Therefore, the 
objective of the present study was to compare the 
effects of VBS and IBS on respiratory mechanics, 
lung function patterns, and IC in tracheostomized 
patients admitted to the ICU.

METHODS

This was a randomized crossover clinical trial involving 
20 tracheostomized adults admitted to the ICU of the 
Guarus General Hospital, in the city of Campos dos 
Goytacazes, Brazil, all of whom had been breathing 
spontaneously, with no need for ventilatory support, for 
at least 96 h. Patients with undrained pleural effusion 
or undrained pneumothorax were excluded from the 
study, as were those with static compliance values 
less than 25 mL/cmH2O and those who were unable 
to undergo measurement of respiratory mechanics 
(Figure 1). The study was approved by the Research 
Ethics Committee of the Institutes of Higher Education 
of the Our Lady of Perpetual Help Education Center 
(Reference no. 93156718.0.0.0000.5524), in the 

city of Campos dos Goytacazes. Written informed 
consent was obtained from the legal guardians of all 
participating patients.

Intervention
All patients were submitted to the VBS and IBS 

techniques with an interval of 5 h between each. 
The order in which the two techniques were applied 
was determined by using a computer-generated 
random permutation, and the results were placed 
into envelopes numbered from 1 to 10, totaling 20 
envelopes. The envelopes were opened sequentially 
at the time of data collection. The randomization 
process was performed by a second investigator, and 
the principal investigator was blinded to the order in 
which the two techniques were applied.

To perform the interventions, we placed the 
patients in the supine position with the head of the 
bed elevated 45°, and cuff pressure was increased 
to prevent leaks. Before the interventions, patients 
underwent endotracheal suctioning, in accordance with 
the recommendations of the American Association for 
Respiratory Care.(8) The protocol for the VBS and IBS 
techniques consisted of a series of ten cycles of each 
with an interval of at least 30 s between each cycle. 
For VBS and IBS, the system was connected to the 
tracheostomy tube at basal end expiration (i.e., at 
functional residual capacity). As shown in Figure 2, 
the system (for both techniques) consisted of a one-
way valve, a manometer, and a digital respirometer, 
connected to a bacterial filter for the purpose of being 
coupled to the tracheostomy tube. 

Figure 1. Study patient flowchart. VBS: voluntary breath stacking; and IBS: involuntary breath stacking.

Recruitment Potentially eligible patients (n = 29)

Excluded (n = 9)
• pleural effusion or pneumothorax (n = 2)
• compliance < 25 Ml/cmH2O (n = 4)
• inability to undergo measurement of respiratory mechanics (n = 3)

Included (n = 20)

Order randomization:
• VBS 
• IBS

Allocation

Completed the tests and analyses (n = 20)Follow-up
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In VBS, patients took successive inspirations for up 
to 30 s or until no one-way valve opening or inspiratory 
volume increase (measured with a respirometer) 
was observed over two consecutive efforts. In IBS, a 
resuscitator bag (RWR, São Paulo, Brazil) was connected 
to the respirometer. Successive slow insufflations were 
performed, by slowly compressing the resuscitator 
bag, until the MIP reached 40 cmH2O.

Evaluation
Before and after the interventions, respiratory 

mechanics, lung function patterns, IC, and airway 
pressure were evaluated.

Respiratory mechanics
Respiratory mechanics were assessed with a Vela 

ventilator (Bird Products Corp., Palm Springs, CA, 
USA), by using the end-inspiratory occlusion maneuver. 
The maneuver was performed in volume-controlled 
ventilation, at a constant flow rate of 40 L/min with 
an inspiratory pause of 3 s. Prior to the maneuver, all 
patients underwent 30 s of hyperventilation, which 
was achieved by increasing the RR to 35 breaths/
min. The ventilator screen was “frozen” so that 
MIP, plateau pressure, and positive end-expiratory 
pressure could be recorded, making it possible to 
calculate static respiratory system compliance (Cst,rs) 

and total respiratory system resistance (R,rs). Three 
consecutive, acceptable measurements were made 
at each time point, and we used the mean of the two 
measurements with the lowest standard deviations. 
Measurements were considered acceptable if we 
detected no deflections in the flow or pressure curves 
and no plateau during the inspiratory pause, because 
such changes would suggest patient interference and 
the presence of leaks, respectively.(9-12)

IC
The maximum volume recruited during VBS and 

IBS was measured from functional residual capacity, 
determining IC. In VBS, IC was measured at 30 s of 
expiratory port occlusion or at the time point when the 
patient had not recruited volume over two consecutive 
cycles. In IBS, IC was recorded when the airway 
pressure reached 40 cmH2O. IC was measured with 
a digital respirometer (Ohmeda, Oxnard, CA, USA), 
in three cycles, and the highest value was used.(5,6,13)

Airway pressure
In VBS and IBS, airway pressure was measured 

at IC, in the absence of respiratory muscle effort. 
In VBS, airway pressure was recorded after 30 s of 
expiratory port occlusion or when the patient had not 
recruited any volume over two consecutive cycles. 

Figure 2. Experimental setup used for voluntary breath stacking. The monitoring system, based on inspiratory capacity 
(measured with a respirometer), was coupled to a one-way valve connected to an analog manometer. A bacterial filter was 
used for patient coupling. For involuntary breath stacking, a resuscitator bag was connected to the respirometer outlet.
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In IBS, airway pressure was recorded at the time 
point when MIP reached 40 cmH2O. The maximum 
pressures achieved by VBS and IBS were recorded 
in three cycles, and we used the arithmetic mean 
of the two measurements with the lowest standard 
deviations.(14)

Lung function pattern
Minute volume (VE) and RR were measured before 

and after the interventions. The digital respirometer 
was coupled to the tracheostomy tube, and the volume 
of air exhaled in 60 s (VE) was recorded. The mean 
basal tidal volume (VT) was calculated as the ratio 
of VE to RR (VE/RR), making it possible to calculate 
the rapid shallow breathing index (defined as the 
RR/VT ratio).(15)

Statistical analysis
The data obtained were organized and reviewed in 

Microsoft Excel spreadsheets, making it possible to 
calculate the mean and standard deviation for each 
variable. Results were analyzed and graphs were 
created using SigmaPlot software, version 12.01 
(Systat Software Inc., Richmond, CA, USA). When the 
results of the pre- and post-intervention measurements 
of respiratory mechanics (Cst,rs and R,rs) and lung 
function pattern (VT, VE, RR, and RR/VT ratio) showed 
normal distribution or homogeneity of variances, as 
determined by the Shapiro-Wilk test and Levene’s test, 
respectively, they were analyzed by two-way repeated-
measures ANOVA with Tukey’s post-test. When they 
showed non-normal distribution, the Friedman test 
was used. The pre- and post-intervention IC values 
were compared by using a paired t-test, as were the 
pre- and post-intervention changes (absolute and 
relative) in respiratory mechanics and lung function 
pattern variables. The level of significance was set 
at 5% for all tests. The clinical effects of VBS and 
IBS were compared on the basis of the effect size, 
as determined by calculating Cohen’s d. The effect 
size was calculated on the basis of the difference 
in absolute and relative changes between pre- and 
post-intervention measurements.

RESULTS

A total of 20 tracheostomized patients were 
evaluated between August of 2018 and March of 
2019. On the day of the interventions, all of the 
patients were breathing spontaneously with the 
aid of nebulization of oxygen. The characteristics 
of the sample are presented in Table 1. Analysis 
of the respiratory mechanics showed that only IBS 
increased Cst,rs relative to the pre-intervention value 
(p = 0.007), and there was a significant difference 
between post-VBS and post-IBS values for Cst,rs (p 
= 0.03; d = 0.11). Relative changes in Cst,rs were 
greater after IBS than after VBS (13.1 ± 11.9% vs. 
1.3 ± 8.8%; p = 0.008; d = 0.49), as were absolute 
changes (4.6 ± 4.8 mL/cmH2O vs. 0.3 ± 4.0 mL /
cmH2O; p = 0.043; d = 0.44). 

No significant differences were observed between 
pre-VBS and pre-IBS values for Cst,rs or R,rs or between 
post-VBS and pre-VBS values for Cst,rs (p = 0.85). 
Neither technique produced changes in R,rs—there 
were no significant differences between pre-VBS and 
pre-IBS values (p = 0.69) or between post-VBS and 
post-IBS values (p = 0.30; d = 0.14), nor were there 
significant differences in absolute changes between 
post-VBS and post-IBS measurements (p = 0.41; d 
= 0.17) or in relative changes between post-VBS and 
post-IBS measurements (p = 0.16; d = 0.01). Results 
for respiratory mechanics are presented in Table 2.

IC was greater after IBS than after VBS (2,420.7 
± 480.9 mL vs. 1,211.3 ± 562.8 mL; p < 0.001; d 
= 0.76). Inspiratory volume, relative to VT, increased 
from 396.1 ± 94.5 mL to 2,420.7 ± 480.9 mL after 
IBS (p < 0.001) and from 398.0 ± 83.3 mL to 1,211.3 
± 562.8 mL after VBS (Figure 3). The difference in 
recruited volume was 2,024.6 ± 445.1 mL for IBS, 
compared with 813.3 ± 530.9 mL for VBS (p < 0.001).
At IC, IBS promoted higher airway pressure than did 
VBS (38.3 ± 2.6 cmH2O vs. 25.8 ± 5.5 cmH2O; p < 
0.001). No significant difference was observed in the 
number of cycles required to reach IC (p = 0.36). To 
achieve an inspiratory pressure of approximately 40 
cmH2O, IBS required 4.8 ± 0.9 cycles of insufflation 
with the resuscitator bag, whereas VBS required 5.0 
± 2.3 cycles.

Regarding the lung function pattern, no significant 
changes were observed between pre- and post-
intervention values for VE, RR, VT, or the RR/VT ratio. 
The lung function pattern was assessed by comparing 
pre-VBS with post-VBS values and pre-IBS with 
post-IBS values, by comparing pre-VBS with pre-IBS 
values and post-VBS with post-IBS values, and by 
comparing absolute and relative changes in values 
between post-VBS and post-IBS measurements. 
Those data are presented in Table 3.

DISCUSSION

The major findings of the present study were that 
IBS increased Cst,rs, as well as promoting greater IC 

Table 1. Characteristics of the sample (N = 20).a

Characteristic Result
Age, years 62.5 ± 14.3
Male gender 10 (50)
Duration of mechanical ventilation, days 26.9 ± 4.8
Cst,rs, mL/cmH2O 40.2 ± 14.9
R,rs, cmH2O/L.s-1 12.3 ± 3.3
Diagnosis

Pulmonary sepsis 8 (40)
Stroke 6 (30)
Postoperative abdominal surgery 8 (40)
Pneumonia 8 (40)
Acute renal failure 2 (10)

Cst,rs: static respiratory system compliance; and R,rs: 
total respiratory system resistance. aValues expressed 
as mean ± SD or as n (%).
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and higher airway pressure than did VBS. Neither 
technique produced changes in R,rs or in the pattern 
of lung function.

Bronchial hygiene techniques that recruit higher 
lung volumes have a greater potential for eliminating 
secretions. Higher inspiratory volume translates to 
higher elastic recoil pressure, higher PEF, and lower 
R,rs. Therefore, inspiratory volume appears to be the 
main factor in determining exhaled volume and PCF.(16) 
Achieving maximum insufflation capacity can confer 
some benefits, such as increased cough effectiveness, 
decreased atelectasis, increased compliance, and 
increased amplitude of chest movement,(17) as 
well as delaying mechanical ventilation or reducing 
the time on mechanical ventilation.(18) The two 
techniques studied here make it possible to maintain 
lung expansion longer, allowing additional time for 
the forces of interdependence to recruit volume, a 
process that does not usually take place during a 
single inspiratory effort.(19)

Increases in PCF during IBS can be obtained in 
various populations, including healthy individuals, 
individuals with respiratory muscle weakness, and 
patients with an obstructive pattern of lung function. (20) 
The patients who benefit most from IBS are those 
with a restrictive pattern of lung function, as well as 

those with neuromuscular disease, such as Duchenne 
muscular dystrophy,(21) spinal muscular atrophy,(22) 
congenital muscular dystrophy,(22) and amyotrophic 
lateral sclerosis.(5,23,24) Other indications include the 
postoperative period after cardiac surgery(25) and 
Parkinson’s disease.(26)

In a study of 61 patients with Duchenne muscular 
dystrophy, PCF was compared among four conditions: 
during unassisted coughing; during IBS alone; with 
abdominal thrusts; and during IBS combined with 
abdominal thrusts. IBS promoted PCF values higher 
than those obtained during unassisted cough or with 
abdominal thrusts. However, IBS combined with 
abdominal thrusts was the most effective technique 
in increasing PCF.(21) Although the present study did 
not assess PCF, the larger increase in lung volume 
achieved by IBS appears to have been crucial for the 
increase in lung compliance and in the prevalence 
of productive cough. One study involving healthy 
individuals demonstrated that insufflations from a 
resuscitator bag promoted a mean increase in IC of 
599 mL (20.4%) relative to the resting IC.(5) In the 
present study, VBS increased mean basal inspiratory 
volume by 813 mL, totaling a mean resting IC of 1,211 
mL, whereas IBS increased mean basal inspiratory 
volume by 2,024 mL, resulting in a mean resting 
IC of 2,420 mL. Because our sample consisted of 
patients with respiratory muscle weakness due to 
prolonged hospitalization and mechanical ventilation, 
the resting IC was considerably smaller than that 
reported for healthy young adults. The improvements 
in volume and pressure obtained through the use of 
breath stacking techniques have been associated with 
increased PCF, greater mobilization of secretions, and 
increased cough effectiveness.(2,5)

In addition to producing higher lung volumes, IBS 
has the advantage of not requiring great muscle 
effort to achieve maximum IC, because it is a 
passive/assisted pulmonary insufflation technique. 
However, insufflation from a resuscitator bag should 
be performed in synchrony with inspiratory muscle 
contractions. Insufflations during the expiratory 
phase cause asynchrony and spikes in airway 
pressure. However, complications such as barotrauma 

Figure 3. Basal tidal volume (white bar) and the inspiratory 
capacity (gray bar) obtained by voluntary breath stacking 
(VBS) and involuntary breath stacking (IBS). *p < 0.001 
vs. basal tidal volume. †p < 0.001 vs. inspiratory capacity 
in the voluntary breath stacking group.
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Table 2. Results for the effects of voluntary breath stacking and involuntary breath stacking on respiratory mechanics.a

Variable Pre-intervention Post-intervention p Absolute change Relative change
Cst,rs, mL/cmH2O

Voluntary breath stacking 40.2 ± 14.9 40.4 ± 14.0 0.85 0.3 ± 4.0 1.3 ± 8.6
Involuntary breath stacking 38.8 ± 14.0 43.4 ± 13.6 0.007 4.6 ± 4.8 13.1 ± 11.9
p 0.27 0.03 - 0.043 0.008
Effect size - 0.11 - 0.44 0.49

R,rs, cmH2O/L.s−1

Voluntary breath stacking 12.9 ± 4.1 12.7 ± 4.1 0.37 −0.3 ± 0.9 −2.2 ± 6.7
Involuntary breath stacking 13.8 ± 5.9 14.0 ± 5.3 0.73 0.1 ± 1.3 2.8 ± 8.5
p 0.69 0.30 - 0.41 0.16
Effect size - 0.14 - 0.17 0.01

Cst,rs: static respiratory system compliance; and R,rs: total respiratory system resistance. aValues expressed as 
mean ± SD.
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have not been observed in neuromuscular patients 
after IBS.(2) The same is true for the use of IBS in 
healthy individuals with no primary intrinsic lung 
disease. One study reported that the resuscitator 
bag was well calibrated and that the safety valve 
opened automatically when the pressure reached 
40 cmH2O. (5) In the present study, in addition to the 
use of a safety valve, pressure was monitored by a 
manometer incorporated into the system, and the 
slow manual insufflations were stopped when the 
pressure reached 40 cmH2O. Nevertheless, pressure 
spikes were observed during cough in patients who 
mobilized secretions, especially after IBS. Of the 20 
patients evaluated, 17 (85%) coughed and required 
suctioning during IBS, compared with only 2 (10%) 
during VBS.

Another benefit of IBS is that it can be performed 
by the patients themselves through self-insufflation 
from a resuscitator bag. It is indicated for patients 
with reduced vital capacity, reduced PCF, secretion 
retention, or difficulty in eliminating secretions, as well 
as for those who are at high risk for atelectasis. (17) In 
one study, 18 patients with spinal muscular atrophy 
or congenital muscular dystrophy engaged in daily 
IBS training and were followed at home for 4-6 
months to assess the effects.(22) The prescribed daily 
regimen was 10 series of 3-4 insufflations. There were 
increases in assisted and unassisted PCF, although 
the increases were less pronounced in the patients 
with associated scoliosis. In addition, FVC was found 
to have increased in the patients without scoliosis.(22)

IBS consists of consecutive insufflations from a 
resuscitator bag and consequent stacking of breaths. 
In contrast, manual hyperinflation consists of a single 

slow insufflation from a resuscitator bag, followed 
by an inspiratory pause.(27) Therefore, the volume 
recruited during IBS is probably higher than that 
recruited during manual hyperinflation. Several authors 
have used manual hyperinflation in mechanically 
ventilated patients, assessing its therapeutic effects or 
comparing its therapeutic effects with those of ventilator 
hyperinflation. Studies(10,28-30) have demonstrated 
that manual hyperinflation improves respiratory 
mechanics, without causing hemodynamic changes, 
and have used Cst,rs to assess therapeutic effects, as 
in the present study. The mobilization of secretions 
leads to expansion/recruitment of collapsed lung units 
or lung units with high time constants, resulting in 
an increase in Cst,rs. That effect is due to increases 
in collateral ventilation, elastic recoil pressure, and 
expiratory flow, resulting in an increase in gas-liquid 
interaction.(28)

During VBS, occlusion of the airways in the 
expiratory phase triggers compensatory mechanisms 
by progressively increasing central drive. The airflow 
resulting from each inspiratory effort increases the 
lung volume and stacks breaths. Over the course of 
successive inspiratory efforts, the volume increments 
tend to decrease, because the respiratory muscles are 
placed at a biomechanical disadvantage and compliance 
decreases. The inspiratory flow continues until the 
inspiratory effort becomes insufficient to open the 
one-way valve. At this point, the lung volume is close 
to total lung capacity.(7,19) One study compared the 
resting IC, the resting IC with a breath hold, and VBS 
in 26 cooperative patients in whom pain or muscle 
weakness resulted in impaired ability to achieve or 
sustain deep inspiration. VBS increased inspiratory 

Table 3. Results for the effects of voluntary breath stacking and involuntary breath stacking on respiratory patterns.a

Variable Pre-intervention Post-intervention p Absolute change Relative change
VE, L

Voluntary breath stacking 9.0 ± 1.9 8.5 ± 2.8 0.43 −0.5 ± 1.7 −6.2 ± 21.1
Involuntary breath stacking 9.5 ± 3.0 9.1 ± 3.0 0.43 −0.5 ± 1.9 −3.8 ± 16.4
p 0.39 0.39 - 0.99 0.39
Effect size - 0.10 - 0.00 0.06

VT, mL
Voluntary breath stacking 398.0 ± 83.3 388.0 ± 84.2 0.61 −10.1 ± 71.7 −1.5 ± 16.5
Involuntary breath stacking 396.1 ± 94.5 378.2 ± 91.8 0.36 −17.9 ± 47.0 −4.2 ± 11.4
p 0.94 0.69 - 0.78 0.34
Effect size - 0.05 - 0.06 0.09

RR, breaths/min
Voluntary breath stacking 23.1 ± 5.4 22.4 ± 7.4 0.55 −0.7 ± 3.9 −3.4 ± 18.5
Involuntary breath stacking 24.1 ± 6.2 25.2 ± 7.2 0.32 1.1 ± 2.7 4.8 ± 12.1
p 0.53 0.10 - 0.26 0.13
Effect size - 0.19 - 0.26 0.25

RR/VT ratio, breaths/min/L
Voluntary breath stacking 62.3 ± 23.4 62.4 ± 30.9 0.98 0.1 ± 17.6 1.9 ± 29.8
Involuntary breath stacking 64.0 ± 23.8 69.1 ± 24.9 0.29 5.1 ± 11.6 9.0 ± 20.3
p 0.81 0.34 - 0.46 0.27
Effect size - 0.12 - 0.16 0.14

VE: minute volume; and VT: tidal volume. aValues expressed as mean ± SD.
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volume, indicating that the addition of a one-way 
valve is effective in increasing IC.(13) One other study 
compared the effects of incentive spirometry and VBS 
on FVC and recruited volume in 35 patients in the first 
five days after cardiac surgery. The authors reported 
that VBS completely restored inspiratory volume by 
postoperative day 2, in addition to having promoted 
greater lung volume recruitment over the five days of 
treatment, although they did not observe differences 
between the two techniques in terms of the FVC.(6)

The one-way valve allows the patient to relax the 
inspiratory muscles without exhaling and allows 
volume to increase during successive breaths. Two 
mechanisms can help to explain volume recruitment 
during VBS: increased neural stimulation and increased 
lung recruitment. In most patients, relatively high 
inspiratory volumes can be achieved with moderate 
pressures. However, patients whose respiratory 

mechanics are impaired by dyspnea or pain are unable 
to sustain the effort needed to achieve maximum 
volume recruitment.(13) The volume recruited during 
VBS depends exclusively on respiratory muscle 
contraction, and that dependency is a limiting factor 
for volume recruitment and the consequent therapeutic 
efficacy. Respiratory muscle weakness reduces the 
effectiveness of the inspiratory phase of cough, there 
being a direct relationship between MIP and cough 
flow, which emphasizes the need to strengthen the 
respiratory muscles.(17) In the present study, we 
observed that some patients were able to open the 
inspiratory valve after 30 s of occlusion. Those patients 
might have achieved greater IC.

IBS promoted greater IC and higher airway pressure 
than did VBS, resulting in an increase in Cst,rs. 
However, neither technique had any effect on the 
lung function pattern.
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ABSTRACT
Surgical resection is the primary treatment option for early-stage non-small cell lung 
cancer, lobectomy being considered the standard of care. In elderly patients, physiological 
characteristics can limit the suitability for surgery and the extent of resection. Sublobar 
resection (SLR) can be offered as an alternative. The aim of this real-world analysis was 
to compare lobectomy and SLR in terms of recurrence and survival rates in patients over 
70 years of age.
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surgery; Recurrence; Aged; Aged, 80 and over.
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The incidence of non-small cell lung cancer (NSCLC) 
increases with age, 40% of cases occurring in patients over 
70 years of age. For early-stage disease, surgical resection 
is the primary option, lobectomy being considered the 
standard of care. According to the National Comprehensive 
Cancer Network (NCCN) guidelines, sublobar resection 
(SLR) is appropriate in cases of reduced pulmonary reserve 
or major comorbidities and smaller tumors (< 2 cm).(1) 
Notably, recommendations for lobectomy are based on only 
one randomized controlled trial, conducted by the Lung 
Cancer Study Group, which showed that, in comparison 
with lobectomy, SLR resulted in a 3-fold increase in local 
recurrence, a 30% increase in overall mortality, and a 
50% increase in cancer-related mortality. (2) In elderly 
patients, physiological limitations and comorbidities 
can limit surgical eligibility and the extent of resection. 
Retrospective studies have produced conflicting results 
regarding the benefits of lobectomy, although only a few 
have focused on the elderly. Advanced age has been 
associated with higher morbidity and mortality after 
lobectomy. In older patients, the risk of death from 
comorbidities can exceed that of death from cancer.(3) The 
greater parenchymal preservation in limited resection can 
challenge the gains achieved in lobectomy.(4) However, 
questions remain regarding recurrence and survival. In 
this study, we aimed to compare SLR and lobectomy in 
patients over 70 years of age with early-stage (stage 
I or II) NSCLC in a real-life context. We hypothesized 
that limited resection would produce outcomes similar 
to those obtained with lobectomy.

We retrospectively studied all patients over 70 years 
of age undergoing curative lung resection for NSCLC 
between January of 2012 and December of 2017. Surgery 
was performed in the thoracic surgery department of a 
university hospital, and treatment plans were discussed 
in multidisciplinary meetings. After surgery, all patients 
were followed at the same hospital. We excluded patients 

submitted to neoadjuvant treatment because that could 
indicate a more advanced clinical stage (≥ stage II), which 
would make them unsuitable candidates for SLR. Patients 
were divided into groups by the type of procedure they 
had undergone: SLR and lobectomy. 

We reviewed clinical records to collect demographic data, 
as well as data regarding smoking status; performance 
status, as determined with the Eastern Cooperative 
Oncology Group (ECOG) scale; comorbidities, as 
determined with the Charlson comorbidity index (CCI); 
lung function, including FVC, FEV1, and DLCO (all as 
percentages of the predicted value), as well as the FEV1/
FVC ratio; preoperative blood test results; histology 
findings; clinical staging; resected lymph nodes (LN); 
margin status; length of hospital stay; postoperative 
complications, in the immediate postoperative period 
and within the first 30 days, as determined with the 
Clavien-Dindo classification; time to recurrence; and 
overall survival (OS). For the calculation of the CCI, lung 
cancer was not considered a comorbidity. Staging was 
reviewed according to the 8th edition of the International 
Association for the Study of Lung Cancer tumor-node-
metastasis classification of malignant tumors. For each 
patient, the time to recurrence and the OS were both 
calculated in months. The time to recurrence was defined 
as the time from surgery to recurrence, whereas the OS 
was defined as the time from surgery to death. Data 
related to patients who did not experience recurrence 
or die during the study period were censored at the end 
of the study.

The statistical analysis was performed with the Stata 
statistical software package, version 13 (StataCorp 
LP, College Station, TX, USA). Continuous variables 
were characterized with measures of central tendency 
(mean or median) and dispersion (standard deviation or 
interquartile range), according to the normality of the 
data, as determined with the Shapiro-Wilk test. Categorical 
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variables were characterized as absolute and relative 
frequencies. Intergroup differences in categorical 
variables were evaluated with Student’s t-tests for 
independent variables or Wilcoxon rank-sum tests, 
according to the normality of the data. For comparisons 
among groups, ANOVA or the Kruskal-Wallis test was 
used. Relationships between categorical variables were 
tested by using chi-square tests. A two-tailed p < 0.05 
was considered significant.

For the analysis of recurrence-free survival and 
OS, we calculated estimated values for postoperative 
months 12, 24, 36, 48, and 60. A univariate analysis 
was performed by using log-rank tests for dichotomized 
variables, including demographic characteristics, 
blood test results, lung function parameters, the 
ECOG performance status score, the CCI, histology 
findings, clinical stage, length of hospital stay, and 
complications. In a multivariate analysis, factors 
showing a p < 0.25 were used in order to construct 
an initial Cox proportional hazard model, after which 
a step-down procedure was used in order to select 
predictors with a p < 0.05.

A total of 72 patients were included: 18 (25.0%) were 
in the SLR group (all 18 underwent wedge resection); 
and 54 (75.0%) were in the lobectomy group. The 
choice of wedge resection over segmentectomy was 
based on the experience at the hospital. Table 1 shows 
the characteristics of the sample as a whole and of 
each group. With the exception of lung function, which 
was slightly worse in the SLR group, there were no 
significant differences between the two groups.

The mean age of the patients was 78.4 years. Of 
the 72 patients evaluated, 49 (68.1%) were male, 38 
(52.8%) were never smokers, and 70 (97.2%) had an 
ECOG performance status score of 0 or 1. The most 
common histological diagnosis was adenocarcinoma. 
The SLR and lobectomy groups were identical in terms 
of comorbidities, with a median CCI of 5 (range, 4-8) 
in both groups, as well as in terms of the mean tumor 
size and the tumor location. The clinical stage was 
determined to be IA1 in 26 patients (36.1%), IA2 in 
4 (5.6%), IB in 36 (50.0%), IIA in 4 (5.6%), and IIB 
in 2 (2.8%). 

The number of LNs resected was higher in the 
lobectomy group than in the SLR group (15.6 ± 11.0 
vs. 7.4 ± 7.0; p = 0.005). Pleural invasion was observed 
in 28 cases (38.9%) overall, being more common 
in the lobectomy group, occurring in 23 (42.6%) of 
the 54 patients in that group, compared with only 5 
(27.8%) of the 18 patients in the SLR group, although 
the difference was not significant. Negative margins 
were achieved in all cases. The mean hospital stay (in 
days) was shorter in the SLR group (6.7 ± 3.3 vs. 8.0 ± 
3.5), although that difference was also not significant.

Surgical complications in the immediate postoperative 
period were reported in 18 (25%) of the 72 cases 
evaluated, 14 complications occurring in the lobectomy 
group and 4 occurring in the SLR group. Of those 18 
complications, 17 were categorized as Clavien-Dindo 

grade I, the remaining complication (nosocomial 
pneumonia requiring antibiotic therapy, in an SLR group 
patient) being categorized as Clavien-Dindo grade 
II. The SLR group patient with pneumonia died after 
discharge (on postoperative day 10). One lobectomy 
group patient developed a late complication (residual 
pleural effusion).

In the sample as a whole, the mean follow-up period 
was 33.5 ± 24.3 months, being 35.5 ± 24.3 months in 
the SLR group and 32.9 ± 22.0 months in the lobectomy 
group (p > 0.05). The recurrence rate was lower in 
the SLR group than in the lobectomy group, although 
the difference was not significant (p = 0.12). In the 
univariate analysis, a platelet density > 200 × 109/L, 
pleural invasion, and a tumor stage > I were found to 
be significant predictors of recurrence and mortality. 
In the multivariate analysis, only pleural invasion 
and platelet density retained their significance. Only 
a tumor stage > I and pleural invasion were found to 
be significant predictors of OS in the univariate and 
multivariate analyses. Although recurrence was a strong 
predictor of mortality, it was not included in the model, 
because it was considered part of the causal pathway. 
Notably, SLR was not associated with a higher risk of 
recurrence or mortality. The results from the recurrence 
and survival analyses are reported in Table 2.

The main finding of our study was that, among older 
patients with early-stage NSCLC, the recurrence and 
mortality rates observed after SLR were similar to 
those observed after lobectomy. The length of hospital 
stay and the rate of postoperative complications were 
slightly better among the patients undergoing SLR. 
These results are relevant, because a less invasive 
approach may be preferable in older patients with NSCLC 
if it minimizes postoperative mortality and recurrence. 
Our conclusions are limited by the small size of the 
sample and retrospective nature. Because this was 
a retrospective study, it is possible that there was a 
selection bias. However, it mirrors real-world practice.

Our results complement those obtained by Mery 
et al.,(5) who showed that the benefits of lobectomy 
do not extend to patients over 71 years of age.(5) In 
contrast, Razi et al.(6) found that, in patients over 75 
years of age with stage IA NSCLC, cancer-specific 
survival and OS were lower after wedge resection than 
after segmentectomy or lobectomy. Nevertheless, the 
5-year cancer-specific survival rate was similar among 
the three groups.

Some aspects of our findings merit special 
considerations. Having a stage II tumor was found to 
be associated with higher mortality, with an adjusted 
hazard ratio (HR) of 4.96 (95% CI: 1.20-24.08). That 
corresponds to the worse prognosis associated with 
tumors ≥ 4 cm (stage cT2b).(7) However, the tumor 
characteristics (histology, size, and location) and tumor 
stage were equivalent between the two groups, none 
of those variables being prognostic. Although the NCCN 
recommends that the use SLR be limited to tumors 
≤ 2 cm (stage IA1 or IA2),(1) SLR was performed for 
larger tumors, with no apparent impact on outcomes, 
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Table 1. Characteristics of elderly patients with early-stage non-small cell lung cancer, by type of surgical procedure 
performed.a

Characteristic SLR Lobectomy Total p
(n = 18) (n = 54) (n = 72)

Male 14 (77.8) 35 (64.8) 49 (68.1) NS
Mean age, years 77.2 ± 2.8 78.9 ± 3.2 78.4 ± 3.2 NS
Smoking status

Never smoker 8 (44.4) 30 (55.6) 38 (52.8)
NSFormer smoker 8(44.4) 20 (37.0) 28 (38.9)

Current smoker 2 (11.1) 4(7.4) 6 (8.3)
ECOG performance status score

0 9 (50.0) 30 (55.6) 39 (54.1)
NS1 8 (44.4) 23 (42.6) 31 (43.0)

2 1 (5.6) 1 (1.9) 2 (2.8)
Charlson comorbidity index 4.9 ± 1.1 4.9 ± 0.7 4.9 ± 0.8 NS
Lung function parameters

FEV1, % of predicted 79.1 ± 25.5 103.2 ± 29.1 98.0 ± 29.9 < 0.01
FVC, % of predicted 94.7 ± 22.4 106.6 ± 26.3 104.0 ± 25.8 NS
FEV1/FVC ratio 64.4 ± 10.6 79.2 ± 16.8 76.0 ± 16.7 < 0.01
Single-breath DLCO, % of predicted 66.3 ± 17.7 75.5 ± 15.9 73.6 ± 16.5 NS

Preoperative blood test results
BUN, mg/dL 25.1 ± 12.7 20.1 ± 7.6 21.4 ± 9.3 NS
Creatinine, mg/dL 1.07 ± 0.42 0.95 ± 0.44 0.98 ± 0.43 NS
Albumin, g/dL 4.2 ± 0.3 4.3 ± 0.4 4.3 ± 0.4 NS
LDH (U/L) 216.0 ± 63.3 241.8 ± 107.8 235.3 ± 98.6 NS
CRP (U/L) 0.61 ± 0.83 0.69 ± 0.88 0.66 ± 0.86 NS
Leukocyte density, g/L 7.8 ± 2.8 7.2 ± 2.4 7.3 ± 2.5 NS
Hemoglobin, g/dL 13.5 ± 1.5 13.4 ± 1.5 13.4 ± 1.5 NS
Platelet density, g/L 225.0 ± 92.7 209.2 ± 54.2 213.2 ± 65.5 NS

Tumor size, mm 20.6 ± 12.6 23.7 ± 9.9 22.9 ± 10.6 NS
Tumor location

Right upper lobe 6 (33.3) 14 (25.9) 20 (27.8)

NS
Right middle lobe 2 (11.1) 2 (3.7) 4 (5.6)
Right lower lobe 2 (11.1) 12 (22.2) 14 (19.4)
Left upper lobe 4 (22.2) 12 (22.2) 16 (22.2)
Left lower lobe 4 (22.2) 14 (25.9) 18 (25.0)

Histology
Adenocarcinoma 9 (50.0) 44 (81.5) 53 (73.6)

NS

Squamous cell carcinoma 4 (22.2) 4 (7.4) 8 (11.1)
Adenosquamous carcinoma 2 (11.1) 4 (7.4) 6 (8.3)
Pleomorphic carcinoma 2 (11.1) 1 (1.9) 3 (4.2)
Sarcomatoid carcinoma 0 1 (1.9) 1 (1.4)
Combined tumor type 1 (5.6) 0 1 (1.4)

Clinical stage
IA1 4 (22.2) 3 (5.6) 7 (9.7)

NS
IA2 6 (33.3) 22 (40.7) 28 (38.9)
IA3 5 (27.8) 20 (37.0) 25 (34.7)
IB 3 (16.7) 5 (9.3) 8 (11.1)
IIA 0 4 (7.4) 4 (5.6)

Number of lymph nodes 7.4 ± 7.0 15.6 ± 11.0 13.6 ± 11.0 < 0.05
Pleural invasion 5 (27.8) 23 (42.6) 28 (38.9) NS
Hospital stay, days 6.7 ± 3.3 8.0 ± 3.5 7.7 ± 3.5 NS
Complications rate 4 (22.2) 14 (25.9) 18 (25.0) NS
SLR: sublobar resection; NS: nonsignificant; ECOG: Eastern Cooperative Oncology Group; BUN: blood urea 
nitrogen; LDH: lactate dehydrogenase; and CRP: C-reactive protein. aValues expressed as n (%) or mean ± SD.
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in our sample. As shown by Harada et al.,(8) SLR may 
reduce the lung cancer-induced loss of lung function, 
thus possibly improving survival. In our patient sample, 
the predictive value of pleural invasion was confirmed; 
we found that pleural invasion was associated with 
higher recurrence rates (adjusted HR = 4.67; 95% 
CI: 1.46-14.98) and lower survival rates (adjusted 
HR = 3.81; 95% CI: 1.44-10.12). Although a platelet 
density > 200 g/L has been associated with a risk of 
disease progression after surgical treatment of NSCLC,(9) 
further validation is needed.

Surgical margins and LN sampling during SLR warrant 
discussion. Although the objective of SLR, as defined 
by the NCCN, should be to achieve surgical margins ≥ 
2 cm or that are greater than the size of the nodule,(1) 
detailed measures were not were not available in the 
pathology reports for the cases evaluated in the present 
study. As expected, the number of LNs resected was 
significantly higher among our lobectomy group patients 
(p = 0.041), although it did not correlate with recurrence 
or survival. Because we analyzed the number of LNs 
but not the number of stations, we cannot determine 
whether the NCCN recommendation to remove LNs 
from at least three stations, always including station 
7, was followed. Less invasive procedures have been 

associated with postoperative benefits such as shorter 
hospital stays and fewer complications.(10) We identified 
such benefits in our patient sample, which could be 
explained, in part, by the fact that all of the procedures 
were performed with an open approach.

Preoperative exclusion of patients with lower lung 
reserve and more comorbidities, as recommended in 
the European Respiratory Society/European Society 
of Thoracic Surgeons guidelines on fitness for radical 
therapy,(11) should be considered. The fact that those 
guidelines were followed at the facility under study 
could explain the lack of any significant impact of 
those variables in the present study. In our sample, 
a case-by-case multidisciplinary discussion resulted 
in a higher proportion of patients being selected for 
lobectomy than for SLR (75% vs. 25%). This can be 
interpreted as reflecting the fact that lobectomy is the 
current standard of care, SLR being a compromise 
between lobectomy and nonsurgical treatment. However, 
on the basis of the data available, we cannot draw a 
definitive conclusion regarding whether SLR was the 
procedure of choice or was chosen as a compromise 
solution. Nevertheless, in elderly patients with early-
stage NSCLC, the results achieved with SLR appear 
to be equivalent to those achieved with lobectomy.
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ABSTRACT
Chronic thromboembolic pulmonary hypertension (CTEPH) is a serious and debilitating 
disease caused by occlusion of the pulmonary arterial bed by hematic emboli and 
by the resulting fibrous material. Such occlusion increases vascular resistance and, 
consequently, the pressure in the region of the pulmonary artery, which is the definition 
of pulmonary hypertension. The increased load imposed on the right ventricle leads to its 
progressive dysfunction and, finally, to death. However, CTEPH has a highly significant 
feature that distinguishes it from other forms of pulmonary hypertension: the fact that it 
can be cured through treatment with pulmonary thromboendarterectomy. Therefore, the 
primary objective of the management of CTEPH should be the assessment of patient 
fitness for surgery at a referral center, given that not all patients are good candidates. For 
the patients who are not good candidates for pulmonary thromboendarterectomy, the 
viable therapeutic alternatives include pulmonary artery angioplasty and pharmacological 
treatment. In these recommendations, the pathophysiological bases for the onset of 
CTEPH, such as acute pulmonary embolism and the clinical condition of the patient, 
will be discussed, as will the diagnostic algorithm to be followed and the therapeutic 
alternatives currently available.

Keywords: Hypertension, pulmonary/diagnosis; Hypertension, pulmonary/surgery; 
Hypertension, pulmonary/therapy; Hypertension, pulmonary/drug therapy; Pulmonary 
artery/pathology; Pulmonary embolism/complications.
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DEFINITION

Chronic thromboembolic pulmonary hypertension (CTEPH) is a form of pulmonary 
hypertension (PH) that results from occlusion of the pulmonary circulation by residual 
organized thromboembolic material, with consequent pulmonary microvasculature 
remodeling, which is induced or enhanced by a combination of imperfect angiogenesis, 
reduced endogenous fibrinolysis, and endothelial dysfunction. In this process, there 
is a gradual replacement of the normal intimal endothelial layer, causing a reduction 
in the pulmonary vascular bed and a consequent increase in its resistance and, 
therefore, in the afterload of the right ventricle. The increased load imposed on 
the right ventricle leads to progressive right ventricular failure, which is the major 
factor responsible for the mortality associated with CTEPH.(1)

The definition of CTEPH is based on objective criteria (Chart 1).(2) Conceptually, 
the diagnostic criteria aim to exclude a potential component related to acute embolic 
material (hence the requirement of at least three months of full anticoagulation), 
to confirm occlusion with imaging methods (rather than only on the basis of clinical 
suspicion), and, finally, to confirm the presence of PH. It is important to understand 
this concept in the broader context of other causes of PH.

Multiple etiological processes may be responsible for the elevation of pressure in 
the pulmonary vascular system as opposed to the normal condition of low pressure 
and low vascular resistance. By definition, PH occurs when mean pulmonary artery 

1. Grupo de Circulação Pulmonar, Divisão 
de Cardiopneumologia, Instituto 
do Coração, Hospital das Clínicas, 
Faculdade de Medicina, Universidade 
de São Paulo, São Paulo (SP) Brasil.

2. Disciplina de Pneumologia. Hospital 
São Paulo, Escola Paulista de Medicina. 
Universidade Federal de São Paulo,  
São Paulo (SP) Brasil.

3. Serviço de Pneumologia e Cirurgia 
Torácica, Hospital Júlia Kubistchek,  
Belo Horizonte (MG) Brasil.

4. Serviço de Pneumologia e Cirurgia 
Torácica, Hospital das Clínicas, 
Faculdade de Medicina, Universidade 
Federal de Minas Gerais,  
Belo Horizonte (MG) Brasil.

5. Serviço de Pneumologia, Hospital de 
Clínicas de Porto Alegre,  
Porto Alegre (RS) Brasil.

6. Hospital das Clínicas, Faculdade de 
Medicina, Universidade Federal de 
Goiás, Goiânia (GO) Brasil.

7. Disciplina de Pneumologia, Faculdade 
de Medicina, Universidade Federal 
do Rio de Janeiro, Rio de Janeiro (RJ) 
Brasil.

Submitted: 30 April 2020.
Accepted: 22 May 2020.

https://dx.doi.org/10.36416/1806-3756/e20200204

1/18

J Bras Pneumol. 2020;46(4):e20200204
SPECIAL ARTICLE

https://creativecommons.org/licenses/by-nc/4.0/
http://www.orcid.org/0000-0002-4912-021X
http://www.orcid.org/0000-0002-5350-7679
http://www.orcid.org/0000-0001-6351-2343
http://www.orcid.org/0000-0003-1779-0443
http://www.orcid.org/0000-0003-0086-1890
http://www.orcid.org/0000-0003-0425-5548
http://www.orcid.org/0000-0001-6175-5595
http://www.orcid.org/0000-0001-8943-1947
http://www.orcid.org/0000-0002-2383-6527
http://www.orcid.org/0000-0003-1305-7914
http://www.orcid.org/0000-0002-8945-8813
http://www.orcid.org/0000-0002-8642-5354
http://www.orcid.org/0000-0002-5265-1126
http://www.orcid.org/0000-0003-2789-9143


Brazilian Thoracic Society recommendations for the diagnosis and treatment of chronic thromboembolic pulmonary hypertension

pressure (mPAP) exceeds 20 mmHg.(3) This pressure 
threshold for defining PH has recently been set; most 
evidence regarding all forms of PH considers an mPAP 
≥ 25 mmHg as a diagnostic criterion. Therefore, 
although the present recommendations adopt the 
current criterion for defining PH, it should be understood 
that the scientific evidence is quite limited in patients 
with an mPAP between 21 and 24 mmHg.

There are various pathophysiological mechanisms 
that might cause PH: increased pulmonary vascular 
hydrostatic pressure, as in mitral stenosis; vascular bed 
loss associated with hypoxic vasoconstriction, as in lung 
parenchymal diseases; pulmonary vascular remodeling 
with endothelial and middle layer proliferation, as in 
idiopathic pulmonary arterial hypertension (PAH); 
or even mechanical obstruction of the vascular bed, 
as previously mentioned in CTEPH.(4) Therefore, 
the first step in dealing with a patient with PH is 
to determine the predominant pathophysiological 
mechanism. This will allow adequate classification of 
the patient according to the current system (Chart 
2), which is based on grouping patients by the major 
pathophysiological mechanism, clinical presentation, 
and response to treatment; that is, when a patient 
with PH is adequately classified, there is an associated 
treatment plan available.(3)

In accordance with the current classification of 
PH, CTEPH is in group 4.(3) As previously mentioned, 
adequate classification of CTEPH is particularly 
significant, because the therapeutic approach to CTEPH 
is completely different from that to other forms of PH, 
given that surgical treatment might be curative.(5)

PATHOPHYSIOLOGY: FROM ACUTE 
PULMONARY THROMBOEMBOLISM TO 
CTEPH

In up to approximately 80% of the cases of CTEPH, 
the disease is preceded by an identified episode of 
acute pulmonary thromboembolism (PTE).(6) During 
the acute event, there are several changes resulting 
from the presence of emboli, changes that are outside 
the scope of these recommendations.(7) However, it 
is worth noting that an acute PTE episode can have 
three possible clinical outcomes(8): 1) right ventricular 
failure due to an acute increase in the afterload of the 
right ventricle, which can lead to death; 2) complete 
reperfusion of the pulmonary circulation in the medium 
term, which can be spontaneous (resulting from the 
action of endogenous thrombolytics) or secondary to 
treatment; or 3) partial reperfusion of the pulmonary 
circulation, with residual occlusion of part of the 

pulmonary circulation. It is believed that one year 
after an acute PTE episode adequately treated with 
anticoagulants, approximately 30% of patients will 
continue to have filling defects in the pulmonary 
circulation when reevaluated with ventilation/perfusion 
lung scintigraphy,(9) although not all of those will be 
symptomatic. Patients with perfusion defects after an 
episode of acute pulmonary embolism who continue to 
have dyspnea but do not have PH at rest are classified 
as having chronic pulmonary thromboembolic disease 
(CPTED).(1) In this group, symptoms are due to PH on 
exertion or to changes in ventilation and gas exchange. 
In contrast, patients with residual perfusion defects, 
symptoms of even greater relevance, and PH are 
characterized as having CTEPH.

Unlike patients with CPTED, patients with CTEPH 
have marked hemodynamic dysfunction not only 
because of the hypoperfused vascular region (due 
to chronic pulmonary artery occlusion), but also 
because of clot-free lung regions, which are subjected 
to relatively increased flow, given that the blood flow 
diverted from the obstructed regions.(10) In addition, 
it is speculated that bronchial circulation, whose 
flow is increased in such cases, may also lead to 
further increased flow in the vascular bed distal to 
the obstruction because of the presence of collateral 
circulation. This increased flow leads to endothelial 
dysfunction, with consequent vascular remodeling.

As a result of this condition of regional hypoperfusion/
increased flow, susceptible patients develop PH 
and subsequent right ventricular failure. Therefore, 
endothelial dysfunction in CTEPH is found not only in 
the pulmonary artery region but also in the capillary 
and venous regions.(11) This could explain why a 
considerable number of patients continue to have 
residual PH after pulmonary thromboendarterectomy 
(PTEA),(12) a surgical procedure that is intended to cure 
CTEPH but that would not interfere with the disease 
affecting the pulmonary capillary and venous systems 
because it addresses only the fibrous material that 
is obstructing the pulmonary arteries.

EPIDEMIOLOGY

The prevalence of CTEPH after acute PTE is highly 
debatable, with rates ranging from 0.7% to 10% in 
the literature.(13-15) A meta-analysis of 16 studies, 
involving 4,407 patients followed for more than two 
years, reported an overall incidence of 0.56% (95% 
CI: 0.1-1.0%). When only the patients who survived 
for at least six months after the embolic event 
were considered, the incidence was 3.2% (95% CI: 

Chart 1. Diagnostic criteria for chronic thromboembolic pulmonary hypertension (all are required).

Diagnostic criterion
Invasive confirmation of pulmonary hypertension: mean pulmonary artery pressure > 20 mmHga

Confirmation of pulmonary thromboembolism by pulmonary artery CT angiography, ventilation/perfusion lung 
scintigraphy, or pulmonary arteriography
At least three months of effective anticoagulation
Adapted from Galiè et al.(2) aSimonneau et al.(3)
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2.0-4.4%), and, among these patients, when only 
those without major comorbidities were considered, 
the incidence was 2.8% (95% CI: 1.5-4.1%).(16) The 
incidence of CTEPH in the global population is reported 
to be 5 new cases/million population per year,(17) the 
mean age at diagnosis being 63 years and men and 
women being equally affected.(18) Time to diagnosis 
is long, having been reported to be, on average, 14 
months in a European cohort.(19)

Contrary to what might be supposed, the risk 
factors for CTEPH are different from the classic 
predisposing factors for acute PTE, which have 
been associated with the classic triad described 
by Virchow: hypercoagulability; endothelial lesion; 
and venous stasis.(20) Deficiencies of antithrombin, 
protein C, and protein S, as well as factor V Leiden 
mutation, have not been associated with the presence 
of CTEPH. (21) However, high serum concentrations of 
factor VIII and the presence of lupus anticoagulant 
and antiphospholipid antibodies have been associated 
with the development of CTEPH, as has the presence 
of genetic variants that lead to fewer sites of binding 
of clots to plasmin, making the thrombi more 
resistant to lysis by endogenous thrombolytics.(22) 

The identification of familial clusters of CTEPH cases 
has also corroborated the role of genetic changes in 
the genesis of this disease.(23)

Various clinical comorbidities have also been 
associated with CTEPH: neoplasms; arteriovenous 
shunts; splenectomy; and chronic inflammatory 
diseases (such as inflammatory bowel disease, 
osteomyelitis, and rheumatoid arthritis).(24-26) Very 
curiously, chronic infectious diseases, particularly 
bacterial ones, associated with infection with 
Staphylococcus aureus, appear to be related to the 
development of CTEPH. Fragments of S. aureus DNA 
have been isolated in the peripheral blood of patients 
with CTEPH, but not in patients with acute PTE. (27) 
The greatest risk factor for the development of 
CTEPH in a European cohort was infection of cardiac 
pacemakers. (24) In addition, in experimental models, the 
presence of S. aureus resulted in delayed recanalization 
of induced thrombi.(27) Thyroid dysfunction, particularly 
that caused by thyroid hormone replacement therapy, 
has been identified as an independent risk factor for 
CTEPH. A recent study identified thyroid dysfunction 
in 10.5% of the patients with scheduled surgery, and, 
in 54.8% of those patients, there was no history of 

Chart 2. Current classification of pulmonary hypertension.

Classification of pulmonary hypertension
1. Pulmonary arterial hypertension

1.1 Idiopathic pulmonary arterial hypertension
1.2 Heritable pulmonary arterial hypertension
1.3 Drug- or toxin-induced pulmonary arterial hypertension
1.4 Pulmonary arterial hypertension associated with:

1.4.1 Connective tissue diseases
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4.4 Congenital heart diseases
1.4.5 Schistosomiasis

1.5 Responders to calcium channel blockers
1.6 Pulmonary veno-occlusive disease and/or pulmonary capillary hemangiomatosis
1.7 Persistent pulmonary hypertension of the newborn

2. Pulmonary hypertension due to left heart disease
2.1 Heart failure with preserved EF
2.2 Heart failure with reduced EF
2.3 Valvular disease
2.4 Congenital or acquired heart diseases leading to post-capillary pulmonary hypertension

3. Pulmonary hypertension due to lung disease and/or hypoxia
3.1 Obstructive lung disease
3.2 Restrictive lung disease
3.3 Other lung diseases with mixed restrictive and obstructive patterns
3.4 Hypoxia without structural lung disease
3.5 Lung developmental disorders

4. Pulmonary hypertension due to pulmonary artery obstructions
4.1 Pulmonary hypertension due to chronic pulmonary thromboembolism
4.2 Other pulmonary artery obstructions: sarcoma or angiosarcoma; other malignant tumors (renal carcinoma, 
uterine carcinoma, gem cell tumors of the testis); non-malignant tumors (leiomyoma); arteritis without 
connective tissue disease; congenital pulmonary artery stenoses; parasitosis (hydatidosis)

5. Pulmonary hypertension due to unclear and/or multifactorial mechanisms
5.1 Hematological disorders: chronic hemolytic anemia; myeloproliferative disorders
5.2 Systemic and metabolic disorders: pulmonary Langerhans cell histiocytosis; Gaucher disease; glycogen storage 
disease; neurofibromatosis; and sarcoidosis
5.3 Others: fibrosing mediastinitis; chronic renal failure with or without hemodialysis
5.4 Complex congenital heart disease

Adapted from Simonneau et al.(3) EF: ejection fraction.

J Bras Pneumol. 2020;46(4):e20200204 3/18



Brazilian Thoracic Society recommendations for the diagnosis and treatment of chronic thromboembolic pulmonary hypertension

thyroid disease. (28) Elevated levels of (endogenous or 
exogenous) thyroid hormones are associated with a 
higher risk of thrombosis secondary to an increase 
in factor VIII and von Willebrand factor, as well as 
with deficient fibrinolysis. The major risk factors for 
the development of CTEPH are described in Table 1.

DIAGNOSIS

The diagnosis of CTEPH is based on clinical status, 
imaging studies, and hemodynamic data. The main 
complaint is progressive dyspnea, most often preceded 
by an episode of acute PTE or deep vein thrombosis in 
the lower limbs. Physical examination can reveal a loud 
pulmonary component of the second heart sound and 
signs of right heart failure, with leg edema, ascites, 
and jugular stasis. Episodes of syncope may also be 
present. Hemoptysis is a more common symptom 
than in other forms of PH, being secondary to rupture 
of hypertrophied bronchial arteries.(29)

Chest X-ray is of very limited importance in assessing 
CTEPH because it yields nonspecific findings, and 
echocardiography is commonly used as a screening 
test to investigate the presence of PH. One of the 
tests that can add sensitivity to the diagnosis of PH 
is cardiopulmonary exercise testing (CPET). CPET 
seeks to identify changes in oxygen consumption and 
carbon dioxide output during exercise, identifying the 
mechanism causing dyspnea; in early cases of PH, 
CPET can identify exertional limitation and increased 
physiological dead space.(30)

Ventilation/perfusion lung scintigraphy (Figure 1) 
remains to be the test of choice for the investigation 
of cases of suspected CTEPH because of its high 
sensitivity (96-97%) and high specificity (90-95%),(31) 
both of which are higher than those of conventional 
CT angiography (Figure 2). A meta-analysis evaluating 
CT angiography for the diagnosis of CTEPH reported 
an aggregate sensitivity of 76% (95% CI: 69-82%), 
despite a high specificity of 96% (95% CI: 93-98%). (32) 
Low probability scintigraphic findings exclude the 
diagnosis of CTEPH, which is not true for conventional 
CT angiography. More recent techniques, such as 
dual-energy CT angiography with iodine maps, have 
shown sensitivity and specificity similar to those of 
lung scintigraphy.(33)

The most significant role of chest CT angiography 
is the diagnosis of acute PTE. In CTEPH, the greatest 
importance of chest CT angiography does not lie in 
excluding the diagnosis, but rather in making the 
differential diagnosis of CTEPH from other causes 
of vascular obstruction,(34) as well as from lung 
parenchymal changes that might suggest the presence 
of heterogeneous perfusion (Figure 3). In addition, 
chest CT angiography has been a strategic tool for 
evaluating treatment options for CTEPH, together with 
lung scintigraphy and digital pulmonary angiography. 
In conjunction with hemodynamic data, these tests 
can define the best therapeutic strategy: PTEA, 
considered the treatment of choice; balloon pulmonary 
angioplasty (BPA); or pharmacological treatment.

Chest CT angiography can also be useful in 
differentiating between acute PTE and CTEPH. There are 
radiological signs of chronicity of pulmonary vascular 
impairment that are identifiable on CT angiography 
and that make it possible to prevent inappropriate 
use of treatments for primary pulmonary reperfusion 
injury (thrombolytics or embolectomy)(35,36) in cases 
initially diagnosed as acute events (Chart 3). Only 
patients with acute PTE and signs of hemodynamic 
instability should receive these treatments,(8,37) not 
those with newly diagnosed CTEPH.

Magnetic resonance imaging (MRI) can be used for 
the differential diagnosis of CTEPH (from pulmonary 
artery sarcoma, for instance).(38) In addition, cardiac 
MRI provides reliable information on cardiac chambers, 
allowing prognostic evaluation and the follow-up of 
interventions such as PTEA.(39) Pulmonary artery 
magnetic resonance angiography is not usually used 
for the diagnosis of CTEPH for reasons of spatial 
resolution and logistics, although new techniques and 
equipment have improved its accuracy.(40)

Similarly to MRI, positron-emission tomography-CT 
(PET-CT) can contribute to the differential diagnosis 
of CTEPH from diseases mimicking CTEPH. The role 
of PET-CT has been described in the identification 
of pulmonary artery sarcomas(41) and Takayasu’s 
arteritis involving the pulmonary arteries.(42) In 
both conditions, the uptake of glucose labeled with 
18F-fluorodeoxyglucose measured with PET-CT is 
substantially increased in the vascular obstruction 

Table 1. Major risk factors for the development of chronic thromboembolic pulmonary hypertension.
Risk factor OR (95% CI)

Infected pacemaker/arteriovenous shunts 76.40 (7.67-10.351)
Splenectomy 17.87 (1.56-2.438)
Recurrent venous thromboembolism events 14.49 (5.4-43.08)
Thyroid hormone replacement therapy 6.10 (2.73-15.05)
Previous venous thromboembolism event 4.52 (2.35-9.12)
Antiphospholipid antibodies and lupus anticoagulant antibodies 4.20 (1.56-12.21)
History of malignancy 3.76 (1.47-10.43)
Blood type other than O 2.09 (1.12-3.94)
Based on data from Bonderman et al.(24),a aIndependent risk factors when compared with those of patients with 
nonthromboembolic pulmonary hypertension; in that study,(24) most patients had pulmonary arterial hypertension 
(group 1).
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and distinguishes these conditions from CTEPH, given 
that the vascular occlusions in CTEPH generally do not 
show uptake of labeled glucose on PET-CT.

Invasive tests, such as right heart catheterization 
(RHC) and digital subtraction pulmonary arteriography 
(Figure 4), are key to preoperative assessment 
and to stratification of clinical and surgical risk in 
patients with CTEPH. RHC is mandatory to confirm the 

presence of PH, typically precapillary PH.(1) Although 
some patients with CTEPH may show vasoreactivity, 
which may indicate a better prognosis, RHC is not 
performed at the treatment level, because it does 
not alter therapy.(2,43) Given the complexity of these 
tests and their importance in defining the therapeutic 
approach, they should be performed at referral centers 
for CTEPH. The sequence of tests recommended for 
the investigation of CTEPH can be seen in Figure 5.

Figure 1. Ventilation/perfusion scintigraphy of a patient with chronic thromboembolic pulmonary hypertension. Note 
that ventilation is homogeneous (B and D), but perfusion is heterogeneous, with several segmental defects (A and C). 
There are regions that receive ventilation but not perfusion (arrowhead), suggesting vascular occlusion.

Figure 2. Chest CT angiography of a patient with chronic thromboembolic pulmonary hypertension. Note in A the 
eccentric clots that adhere to the pulmonary artery walls; in B, in addition to the clots, the dilated right atrium (RA) 
and the flattening of the interventricular septum (black arrowheads), suggesting pulmonary hypertension and right 
ventricular dysfunction.

A B C D

A

B

R

R

RA
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Regardless of the imaging method used, it is 
important to consider other diagnoses that can mimic 
CTEPH. As highlighted above, differentiation from 
acute PTE should always be sought. Large unilateral 
filling defects and/or intravascular lobulation suggest 
pulmonary artery sarcomas. The presence of multiple 
aneurysms and/or arterial wall thickening should 
raise the suspicion of pulmonary arterial vasculitis. 
Sometimes, abrupt termination of a major branch 
of the pulmonary artery, the causes of which can be 
a central thrombus, hypoplasia, or agenesis of the 
pulmonary artery, can be a diagnostic challenge. Large 
thrombi in situ, especially at bifurcation of pulmonary 
arteries and their branches, occurring more frequently 
in conditions of increased flow, such as in congenital 

heart disease with shunt, can also cause diagnostic 
difficulties in CTEPH.(38)

TREATMENT OF CTEPH

General approach
Some approaches suggested for other forms of 

PH are also recommended for patients with CTEPH, 
although most of them have a low level of evidence. 
Chief among them are(2): 1) female patients should 
avoid pregnancy and should be enrolled in specific 
education and follow-up programs, given the increased 
complexity associated with the use of hormonal 
contraceptive methods in this population; 2) physical 

Figure 3. CT image on lung parenchymal window setting in a patient with chronic thromboembolic pulmonary 
hypertension. Note the mosaic perfusion pattern, with hypoperfused areas (black arrowheads) and hyperperfused 
areas (white arrowheads).

Chart 3. Pulmonary artery CT angiography findings suggestive of pre-existing chronic vascular disease.

Direct vascular signs
Eccentric filling defects that adhere to the vascular wall and may show calcification, being different from filling 
defects in the center of blood vessels, within the dilated lumen, which are suggestive of acute pulmonary 
thromboembolism
Abrupt termination of a vessel
Complete vascular occlusion or concave or pouch-like filling defects
Intimal irregularity
Linear intraluminal filling defects (such as bands or webs)
Stenosis or poststenotic dilatation
Vascular tortuosity
Indirect vascular signs
Significant right ventricular hypertrophy, right atrial dilatation
Pericardial effusion
Pulmonary arterial dilatation (> 29 mm in men and > 27 mm in women) or pulmonary arterial wall calcification
Poststenotic dilation of bronchial arteries resulting from obstructed vessels
Parenchymal changes
Mosaic attenuation of the parenchyma as a consequence of geographic variation in perfusion
Modified from Dias et al.(34)
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training programs can improve patient functional 
capacity; however, such programs should be started 
only after the use of specific treatments and under 
the supervision of teams with experience in caring for 

patients with PH; 3) immunization against influenza 
and pneumococcal infection should be performed 
during outpatient follow-up; 4) psychological and 
social support is desirable; 5) patients should be 

Figure 4. Pulmonary arteriography showing various filling defects, with exclusion of the left lung and of various segments 
in the right lower lobe, consistent with chronic thromboembolic pulmonary hypertension.

Figure 5. Investigation algorithm for chronic thromboembolic pulmonary hypertension (CTEPH). RHC: right heart 
catheterization.

Patient with pulmonary hypertension of unknown etiology or pulmonary
hypertension and a history of pulmonary embolism

Ventilation/perfusion scintigraphy

Normal perfusion Indeterminate or multiple
perfusion defects

Excludes CTEPH New images, including chest CT 
angiography and RHC with digital angiography, 

showing evidence of CTEPH

Multidisciplinary discussion among pulmonologists,
cardiologists, interventional radiologists, 
and surgeons about therapeutic options
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advised of the risks of elective surgery and long air 
travel; 6) diuretics should be used in the presence of 
circulatory congestion associated with right ventricular 
failure; 7) the criteria for recommending home 
oxygen therapy are the same as those in patients 
with COPD, although there is no specific evidence for 
its use; and 8) it should be emphasized that there is 
no indication for the use of calcium channel blockers 
in CTEPH patients.

Anticoagulation
All patients with CTEPH should receive full 

anticoagulation indefinitely as from the time of 
diagnostic suspicion. Confirmation of the diagnosis 
should be made only after at least three months of 
anticoagulation so that any reversible vascular effect 
produced by anticoagulation will have occurred (i.e., 
so that any possible acute residual component will 
have been neutralized).(10) Anticoagulation should be 
continued also in the postoperative period if the patient 
undergoes PTEA, regardless of surgical success, and 
during clinical treatment of non-operated patients.(1)

The choice of an optimal anticoagulant for the 
treatment of CTEPH is still a subject of controversy in 
the literature. Vitamin K antagonists (VKAs) and direct 
oral anticoagulants (DOACs) can be used. Traditionally, 
as well as in the major articles in the literature, VKAs 
are the most widely used, with a therapeutic target 
international normalized ratio between 2.0 and 
3.0.(1,18) Despite the lack of specific studies about 
CTEPH, DOACs have been rapidly incorporated into 
the treatment of CTEPH worldwide because of their 
convenient dosing schedules, stable pharmacokinetic 
properties, safety profile in terms of major bleeding, 
and good results, as well as their good acceptance 
in the context of acute PTE.(44) In 2016 in Germany, 
51.0% and 46.2% of 392 patients diagnosed with 
CTEPH received anticoagulation with DOACs and VKAs, 
respectively.(45) In Brazil, a case series of patients 
with CTEPH showed that the use of DOACs in this 
situation was safe and efficient, regardless of the 
surgical status of the patients.(46) However, a study 
conducted in the UK suggests caution in the use of 
DOACs in CTEPH.(47) In that multicenter, retrospective 
study, 794 and 206 patients were treated with VKAs 
and DOACs, respectively, after PTEA. There were 
no differences in improvement in hemodynamics 
or functional status after surgery between the two 
groups, nor were there differences in major bleeding 
over a follow-up of 612 ± 702 days (0.7% per person/
year). However, venous thromboembolism recurrence 
was higher in those treated with DOACs than in those 
treated with VKAs (4.62% vs. 0.76% per person/
year; p = 0.008), with no differences in survival. 
Definitive conclusions about the role of DOACs in 
CTEPH still require further evidence from prospective 
studies or data from large registries. Therefore, the 
use of DOACs as the drugs of choice for patients with 
CTEPH still cannot be recommended. In addition, it is 
worthy of note that the use of DOACs in patients with 

antiphospholipid syndrome is not recommended to 
date because some studies have reported an increased 
rate of thromboembolic events in the group treated 
with DOACs when compared with the group treated 
with VKAs.(48,49)

Surgical treatment: PTEA
The presence of fibrous material obstructing the 

vascular lumen (Figure 6) shows why PTEA is the 
treatment of choice for patients with CTEPH.(2) The 
surgical results are excellent, depending on the 
level of experience of the referral center, as well as 
on appropriate patient selection.(50) Patients with 
CTEPH who undergo PTEA have a better prognosis 
than do non-operated patients, even when we 
consider that up to half of the operated patients 
may still have some degree of PH after the surgical 
procedure.(51) It is important not to confuse PTEA 
with embolectomy, which consists in removing only 
acute (nonendothelialized) thrombi and is used as 
reperfusion therapy in acute PTE.

Referral centers
Facilities that have adequate infrastructure to perform 

PTEA and BPA and have a multidisciplinary team with 
clinicians, surgeons, radiologists, and intensivists, are 
considered referral centers for CTEPH.(51) The team 
should be experienced in the management of this 
condition, should be prepared for the perioperative 
management of patients with CTEPH, and should 
perform at least 10 PTEAs per year.(50) Less-experienced 
centers, which perform fewer than 10 PTEAs per year, 
reported higher mortality rates than did centers that 
perform more than 50 PTEAs per year (8.8% and 
3.4%, respectively). Ideally, referral centers for CTEPH 
should strive for excellence, performing more than 
20 PTEAs per year, with mortality rates < 10%.(52)

Patient selection
Patient selection considers the amount of surgically 

accessible thromboembolic material, as well as its 
effects on pulmonary vascular resistance (PVR), in order 
to determine the potential hemodynamic improvement 
that may result from the surgical intervention.(51) 
The concept of proportionality between the extent 
of obstruction and the hemodynamic presentation 
is somewhat subjective and is related to the level of 
experience of the center. In certain situations, getting 
a second opinion from experienced centers regarding 
operability might be useful for novice centers. In a 
study that evaluated pharmacological interventions 
in patients with CTEPH, in which assessment of 
operability was confirmed or not by centers with wide 
experience in the surgical management of CTEPH, 69 
(22%) of 312 patients who were initially regarded 
as technically inoperable were reclassified as viable 
candidates for PTEA,(53) clearly demonstrating the 
role that the learning curve plays in the decision 
making of whether or not to recommend the surgical 
intervention and justifying the requirement that, in 
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order for a center to be classified as a referral center, 
it should perform a minimum number of PTEAs. ·In 
the decision making of whether or not to recommend 
PTEA, factors associated with favorable surgical results 
should be considered, such as a history of deep vein 
thrombosis/PTE, absence of comorbidities, absence 
of signs of right heart failure, functional class II or 
III status, clear proportionality between the imaging 
abnormalities and the hemodynamic data, bilateral 
lower lobe disease, PVR less than 1,000 dyn · s · 
cm‑5, and high pulse pressure.(1) The absence of these 
characteristics does not contraindicate PTEA, but 
indicates higher surgical risk, and should therefore be 
weighed against the level of experience of the center 
in performing the surgical procedure.

A specific population to be considered to be selected 
for PTEA is that of patients with unilateral occlusion 
of one of the main branches of the pulmonary artery, 
also known as complete pulmonary vascular exclusion 
(see Figure 4, left lung). In such cases, although 
the patients are usually younger and have lower 
pulmonary artery pressure and lower PVR, local 
factors can make it difficult to perform PTEA and can 
compromise the surgical result. It is not uncommon, 
in cases of complete unilateral pulmonary vascular 
exclusion, that the arterial bed distal to the obstruction 
shows severe postobstructive arteriopathy or remains 
hypoplastic, causing inadequate reperfusion despite 
PTEA.(54) Therefore, cases of unilateral pulmonary artery 
occlusion should be considered a priority for PTEA, 

which should be performed before the development 
of a postobstructive arteriopathy.(55)

Given the low rates of venous thromboembolism in 
the postoperative period after PTEA, most centers of 
excellence have abandoned the practice of inserting 
an inferior vena cava filter prior to surgery. The 
recommendation is to restart anticoagulation as early 
as possible, taking into account perioperative bleeding 
status and the presence of a coagulopathy, as well 
as the presence of other comorbidities.

Surgical procedure
PTEA is performed through a longitudinal median 

sternotomy using cardiopulmonary bypass (CPB), 
with the patient being cooled to 18-20°C. This is 
followed by a period of total circulatory arrest (TCA) 
of up to 20 min, during which either the right or 
the left pulmonary artery is approached (Figure 7) 
and the obstructive fibrous material is removed. 
Next, CPB is resumed, and blood is recirculated for 
10 min, after which there is one more cycle of TCA 
for the contralateral approach.(56) In most cases, 
two periods of TCA are sufficient, one for each side 
approached, but, if necessary, more periods of TCA 
can be performed until the pulmonary arteries are 
completely unblocked. After the last period of TCA, 
CPB is resumed and the patient is slowly rewarmed, 
at which point other interventions can be made, such 
as coronary artery revascularization or correction of 
congenital malformations. Given the need for long CPB 
time with periods of TCA, measures such as protection 

Figure 6. Surgical specimen obtained during pulmonary thromboendarterectomy.
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of the brain by local cooling and assessment of brain 
activity should be implemented to minimize adverse 
effects. In addition, anesthetic care, perioperative 
mechanical ventilation strategies, anticoagulation 
management, and adequate hemodynamic monitoring 
are of vital importance, as are anesthesiologists and 
intensivists trained in performing this type of surgery 
and in providing extracorporeal membrane oxygenation 
(ECMO), if necessary.(57) Despite the extent of the 
surgical procedure, the European registry shows 
that operated patients have significantly greater 
survival than non-operated patients, underscoring 
the role of PTEA as the first-line treatment for eligible 
patients.(50) On the basis of intraoperative findings, 
patients are classified into resection categories, which 
are associated with surgical benefit and long-term 
prognosis (Chart 4).(55)

The major complications of PTEA are hemodynamic 
and respiratory. Right ventricular dysfunction in the 
immediate postoperative period can make it difficult to 
discontinue CPB. Venoarterial ECMO, although rarely 
necessary, can provide a bridge to right ventricular 
recovery.(58) Another complication is residual PH, 
which occurs in up to 50% of the patients, although 
a recent meta-analysis involving 4,868 patients 

reported its presence in approximately 25% of the 
operated patients.(59) Pulmonary reperfusion injury 
is a severe respiratory complication that occurs most 
frequently in the first 48 h after surgery and can 
cause inflammatory pulmonary edema and severe 
hypoxemia. In some cases, venovenous ECMO may 
be necessary for ventilatory support.(57)

The impact of PTEA on the right ventricle suggests 
the presence of reverse remodeling,(60) with a 
reduction in ventricular volumes and mass, as well 
as an improvement in ventricular ejection fraction. 
Moderate to severe tricuspid insufficiency is common 
in patients with CTEPH but in general does not need 
to be corrected during PTEA, given the reduction in 
right ventricular dimensions after the reduction in 
PVR.(55) Bilateral lung transplantation (exceptionally 
heart-lung transplantation) is the surgical treatment 
for patients with PH refractory to other therapies who 
have no contraindications to this procedure. Patients 
with CTEPH rarely undergo lung transplantation, since 
they respond significantly to other therapies.(61)

BPA
For patients with CTEPH who have residual PH 

(after surgery) or for whom surgery is not feasible 

Figure 7. Image of the surgical field of a patient undergoing pulmonary thromboendarterectomy. The pulmonary 
artery is sectioned longitudinally (arrowhead); an organized white thrombus can be seen within the pulmonary artery, 
adjacent to the dissecting clamps. There is no blood flow through the pulmonary artery, given that the patient is on 
cardiopulmonary bypass during a period of total circulatory arrest (cannulas on the left).
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(for technical reasons or because of thrombus 
inaccessibility), treatment options used to be limited 
to clinical treatment or pulmonary transplantation. (1,55) 
However, since the late 1990s, reports of pulmonary 
artery catheterization procedures for dilation of 
chronically obstructed branches have been published. (62) 
BPA, or simply pulmonary angioplasty, is currently 
an important resource for the treatment of patients 
with CTEPH.(1,63,64)

BPA consists in the insertion a balloon-tipped 
catheter that can be used to dilate systemic arteries 
(e.g., femoral, renal, or even coronary arteries) and 
the subsequent inflation of the balloon within the 
chosen vessel, without the need for prostheses, such 
as stents (Figure 8), or the use of thrombolytics or 
thrombus fragmentation techniques, as can occur in 
acute PTE. The balloon is inflated to generate enough 
pressure to disrupt the fibrin network or displace it 
radially, producing an improvement in local blood flow 
and an increase in the diameter of the treated vessel, 
thus leading to a reduction in PVR.(65-68)

Because the disease is rarely limited to a single 
area, this treatment is repeated approximately 6-8 
times (sessions) for each patient, since approaching 
more than 4 segments in the same session increases 
the risk of complications, such as reperfusion edema 
or rupture of vessels (causing alveolar hemorrhage). 
From the first reports to more consistent studies,(65,67,68) 
BPA has gradually been incorporated into the 
treatment algorithm for CTEPH, because the results 
of this intervention have shown that it can improve 
hemodynamics, improve symptoms, and increase 

exercise capacity and right ventricular function, with 
significantly reduced rates of complications.(63,69,70) 
Retrospective studies have shown that the benefits 
of BPA also persist in the medium term,(71,72) and 
study groups outside Japan were able to reproduce 
encouraging results.(64,73) A meta-analysis of 12 
observational studies (a total of 493 patients) 
reported a 2-year mortality rate of 1.3% in patients 
who underwent BPA, a rate that is significantly 
lower than that associated with the pharmacological 
treatment alone.(74) The role of BPA in patients with 
surgically resectable lesions but for whom surgery 
is contraindicated because of comorbidities or who 
refuse surgery has yet to be established.(1) BPA, as 
well as PTEA, should be performed at referral centers 
by professionals trained in the procedure.

Pharmacological treatment

Technically inoperable CTEPH
All patients with CTEPH should be assessed for 

eligibility for PTEA at a referral center, as defined 
previously, because PTEA is potentially curative. 
However, given that not all patients are eligible for 
PTEA, either because of the presence of inaccessible 
thrombi or because PVR is disproportionately high for 
the degree of vascular obstruction seen on imaging 
studies,(50) pharmacological treatment, such as BPA, 
is an alternative.

Three randomized, placebo-controlled clinical trials 
(Table 2) reported the benefits of using PAH-specific 
medications in patients with CTEPH who are inoperable 
(functional class II-IV).(75-77) The medications evaluated 

Figure 8. Pulmonary artery angioplasty. In A, multiple circumferential lesions in a segmental branch of the right 
pulmonary artery; in B, passage of a guidewire; and, in C, passage and inflation of a balloon to dilate the vascular 
lumen and reduce pulmonary vascular resistance.

Chart 4. Surgical classification of chronic thromboembolic pulmonary hypertension.
Surgical level Location of thromboembolism

Level 0 No evidence of CTE in either lung
Level I CTE starting in the main pulmonary arteries

Level IC Complete occlusion of one main pulmonary artery with CTE
Level II CTE starting at the level of lobar arteries or in the descending pulmonary artery
Level III CTE starting at the level of segmental arteries
Level IV CTE starting at the level of subsegmental arteries
Adapted from Galiè et al.(52) CTE: chronic thromboembolism.

A B C
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were bosentan,(75) riociguat,(76) and macitentan.(77) 
Those trials showed different clinical endpoints. In 
the trial regarding bosentan,(75) the primary endpoint 
was a composite of an increase in six-minute walk 
distance (6MWD) and a reduction in PVR, whereas in 
the trial regarding riociguate,(76) it was an increase 
in 6MWD. In the trial regarding macitentan,(77) the 
primary endpoint was a reduction in PVR. In addition, 
two of the trials were phase III trials,(75,76) whereas one 
was a phase II trial.(77) The trials regarding riociguat 
and macitentan(76,77) showed positive outcomes, 
whereas that regarding bosentan,(75) which had a 
composite primary endpoint, the results cannot be 
considered positive because it showed an effect only 
in reducing PVR.

A meta-analysis involving 6 studies and 565 patients 
with CTEPH showed that the use of PAH-targeted drugs 
in this population led to a significant hemodynamic 
improvement, as well as to an improvement in 
symptoms, functional class, and exercise capacity. No 
differences were found in mortality or in the incidence 
of severe adverse events.(78)

Residual PH
Although PTEA can be curative, recent data suggest 

that approximately 25% of the operated patients 
have some degree of residual PH.(59) Some doubt 
exists regarding cutoff values for defining residual PH 
after PTEA. Whereas prospective studies have used 
the traditional cutoff value of 25 mmHg for defining 
it,(76) a cohort study of 880 patients who had been 
operated on at one of eight centers in the United 
Kingdom reported that a postoperative mPAP of 38 
mmHg and postoperative PVR > 425 dyn · s · cm‑5  
correlated with a worse prognosis.(12) Currently, it 
is recommended that an mPAP value of 30 mmHg, 

invasively determined 3-6 months after PTEA,(79) be 
used to define the presence of significant residual 
PH. This value comes from the data analysis carried 
out in that cohort study,(12) which showed that an 
mPAP > 30 mmHg in the postoperative period after 
PTEA was associated with higher long-term mortality. 
The aforementioned trials(75,76) included patients 
with residual PH, defined as an mPAP ≥ 25 mmHg 
and PVR ≥ 300 dyn · s · cm‑5, more than six months 
after PTEA. In the trial regarding bosentan,(75) a 
reduction in PVR was observed also in the patients 
with residual PH, but there was no improvement in 
exercise capacity. In that regarding riociguat,(76) there 
was an improvement in 6MWD and a reduction in PVR 
also in the subgroup of patients who had previously 
been operated on. Macitentan was not evaluated 
in patients with residual PH.(77) Currently, riociguat 
is the only medication that has been approved by 
the American, European, and Brazilian regulatory 
agencies for the treatment of technically inoperable 
CTEPH or residual PH.

Combined pharmacological treatment
Regarding the macitentan trial,(77) 61% of the patients 

had already been treated with a phosphodiesterase-5 
inhibitor and/or an oral or inhaled prostacyclin when 
they were started on either macitentan or placebo. 
The efficacy of macitentan was similar between those 
who had previously been treated and those who had 
not.(77) Other combinations of PH-targeted drugs 
have not been prospectively studied in CTEPH. The 
combination of riociguat and a phosphodiesterase-5 
inhibitor is contraindicated; a study of one such 
combination reported a lack of benefit and a high rate 
of discontinuation due to systemic arterial hypotension 
in patients with PAH.(80)

Table 2. Randomized, double-blind, placebo-controlled clinical trials of drugs for the treatment of technically inoperable 
chronic thromboembolic pulmonary hypertension.a

Study Jaïs et al.(75),b Ghofrani et al.(76),b Ghofrani et al.(77)

Drug Bosentan Riociguat Macitentan
Dosing schedule 125 mg p.o., bid 0.5-2.5 mg p.o., tid 10 mg/day p.o., qd
Number of patients 157 261 80
Duration, weeks 16 16 16 and 24c

Residual or recurrent PH 41 (29.9%) 72 (27.6%) _
Previous use of PH-specific 
medication

- - 49 (61.3%)

Baseline 6MWD, m 342 ± 84 347 ± 80 352 ± 81
Effect on 6MWD, m +2 +46 +34
Baseline PVR, dyn · s · cm‑5 783

(95% CI: 703-861)
787 ± 422 957 ± 435

Effect on PVR, % −24 −31 −16
Major adverse effectsd Peripheral edema

(13% vs. 7.5%)
Hepatotoxicity
(7.8% vs. 1.3%)

Headache
(25% vs. 14%)
Hypotension
(9% vs. 3%)

Peripheral edema
(23% vs. 10%)
↓ hemoglobin

(15% vs. 0)
bid: twice a day; tid: three times a day; qd: every day; PH: pulmonary hypertension; 6MWD: six-minute walk 
distance; and PVR: pulmonary vascular resistance. aValues expressed as n or as mean ± SD. bWe also included 
patients with residual PH after pulmonary thromboendarterectomy. cPVR at week 16 and 6MWD at week 24. dDrug 
versus placebo.
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PH medications as “bridging to surgery”
The evidence supporting pharmacological treatment 

as bridging to surgery is scarce. International registry 
data have shown delayed referral to surgery and 
worse outcomes in those patients treated prior to 
referral. (50,81) Recently, a case series has demonstrated 
some benefit of using pharmacological therapy 
as bridging to surgery in a population with more 
severe hemodynamic impairment.(82) Nevertheless, 
clinical treatment for improving the hemodynamic 
status of patients prior to the surgical procedure is 
not recommended as part of the routine treatment 
of CTEPH. Clinical treatment can be considered in 
selected cases only at referral centers with wide 
experience in the surgical treatment of patients with 
CTEPH, so that it will not lead to a delay in accessing 
the treatment of choice.

Patients either not eligible for surgery 
because of comorbidities or who refuse surgery

Patients with accessible thrombi but who were either 
not eligible for surgery because of comorbidities or 
refused to undergo surgery were not included in the 
studies presented above; such patients require an 
individualized approach.

Pharmacological treatment or angioplasty
One study included 105 patients with CTEPH not 

undergoing PTEA who were randomized either to 
receive riociguat or to undergo BPA in one of 14 
centers in France.(83) In that study, the efficacy of 
BPA was greater, given that it reduced PVR by 60%, 
compared with 32% for riociguat (p < 0.0001). In 
addition, the proportion of patients who improved at 
least one functional class was higher among those 
undergoing BPA than among those treated with 
riociguat (88% vs. 49%; p < 0.0001). The reduction 
in brain natriuretic peptide levels was also 67% higher 
in the BPA group than in the riociguate group (p < 
0.0001). There was no difference in 6MWD between 
the groups. The benefits of BPA came at a price. 
The proportion of patients with at least one adverse 
event was higher among those undergoing BPA than 
among those treated with riociguat (50% vs. 26%), 
as was the proportion of patients with at least one 
severe adverse event directly related to treatment 
(14% vs. 9%). None of the patients discontinued 
treatment because of adverse events, and there 
were no deaths during the 26 weeks of the study. 
These data suggest that BPA should be tried before 
pharmacological treatment with riociguat in patients 
with CTEPH who are not eligible for surgery. If BPA is 
not completely successful in normalizing the patient’s 
pressure, pharmacological treatment with riociguat 
would then be indicated.(1) It should be emphasized, 
however, that that study(83) was the first to propose 
such an approach and that the long-term results 
of BPA as an initial treatment option if PTEA is not 
possible—results that would define the role of BPA 
in this setting—remain unknown. Nevertheless, this 

treatment option can be accepted as a possibility 
for patients who are not candidates for surgery. If 
BPA is not readily available, it is advisable to start 
pharmacological therapy so that there is no delay in 
initiating treatment.

Multimodal treatment
The combination of different therapeutic modalities 

is already a reality in CTEPH. There are reports and 
case series on different combinations of therapeutic 
strategies, such as PTEA plus pre- and/or post-
operative drugs, BPA plus drugs, and, more recently, 
the combination of PTEA, BPA, and drugs. This last 
combination is still an individualized approach and 
depends on the location of the obstruction, the severity 
of hemodynamic impairment, and the expertise of 
the team.(84) Ongoing long-term prospective studies 
may clarify the role of combined methods in the 
treatment of CTEPH, as well as the indications and 
the appropriate timing for each intervention.

The algorithm proposed for the therapeutic approach 
to CTEPH is described in Figure 9.

Follow-up
Patients with CTEPH, whether they undergo PTEA or 

not, should be evaluated at least every 3-6 months. The 
factors assessed include clinical variables (functional 
class, symptom progression, signs of right heart 
failure); biochemical markers (natriuretic peptides); 
cardiac echocardiography and/or cardiac MRI (right 
ventricular function by tricuspid annular plane systolic 
excursion [TAPSE] or ejection fraction, atrial dilatation, 
presence of pericardial effusion); exercise testing 
(either 6MWD or oxygen consumption and ventilatory 
equivalent during CPET); and hemodynamic variables 
(right atrial pressure, cardiac index, and mixed venous 
oxygen saturation). At each visit, patient risk should 
be stratified on the basis of these variables. (85) There 
are some risk stratification models that were initially 
used in PAH and have currently been validated in 
CTEPH,(86,87) and the therapeutic target is to maintain 
patients in the low-risk category all the time (Table 
3), with an increase in quality of life.(88) CPET can also 
be used in the assessment of the severity of CTEPH 
and in the follow-up of patients with CTEPH, but 
therapeutic target thresholds have yet to be defined 
for this population.

Screening for CTEPH after acute PTE
All patients who had acute PTE should be clinically 

evaluated at 3-6 months of follow-up. At follow-up 
visits, in addition to the assessment of symptoms, 
attention should be paid to risk factors that are present 
and are predictors of an increased risk of CTEPH, such 
as recurrent venous thromboembolism, young age, 
unprovoked venous thromboembolism, extensive 
filling defects, signs of right ventricular dysfunction 
(e.g., pulmonary artery systolic pressure > 60 mmHg 
and/or right ventricular hypertrophy), and previous 

J Bras Pneumol. 2020;46(4):e20200204 13/18



Brazilian Thoracic Society recommendations for the diagnosis and treatment of chronic thromboembolic pulmonary hypertension

pulmonary artery CT angiography findings of CTEPH 
(see Chart 3).(36)

There is no recommendation that all survivors of 
acute PTE should be actively investigated.(89) However, 

patients with persistent or recurrent dyspnea or 
with limited exercise capacity three months after 
treatment of the acute event should be assessed 
for CTEPH. The initial test is echocardiography. If 

Figure 9. Treatment algorithm for chronic thromboembolic pulmonary hypertension (CTEPH). PH: pulmonary hypertension. 
*Multidisciplinary team: a surgeon, a radiologist, and a clinician with experience in pulmonary hypertension. **Depending 
on the level of experience of the center, consider getting a second opinion from another team specializing in pulmonary 
thromboendarterectomy.

Table 3. Risk stratification.
Determinants of 

prognosis
Estimated one-year mortality

Low risk < 5% Intermediate risk
5-10%

High risk > 10%

Clinical signs of right 
ventricular failure

Absent Absent Present

Progression of symptoms No Slow Rapid
Syncope No Occasionallya Repeatedlyb

WHO-FC I, II III IV
6MWD > 440 m 165-440 m < 165 m
Plasma levels of NT-proBNP/
BNP

BNP < 50 ng/L
NT-proBNP < 300 ng/L

BNP 50-300 ng/L
NT-proBNP 300-1,400 ng/L

BNP > 300 ng/L 
NT-proBNP > 1,400 ng/L

Imaging (ECHO, chest MRI) RA area < 18 cm2

No pericardial effusion
RA area 18-26 cm2

No or minimal pericardial 
effusion

RA area > 26 cm2

Pericardial effusion

Hemodynamic parameters RA pressure < 8 mmHg
CI ≥ 2.5 L · min · m2

SvO2 > 65%

RA pressure 8-14 mmHg
CI 2.0-2.4 L · min · m2

SvO2 60-65%

RA pressure > 14 mmHg
CI < 2.0 L · min · m2

SvO2 < 60%
Adapted from Galiè et al.(2) WHO-FC: World Health Organization functional class; 6MWD: six-minute walk distance; 
NT-proBNP: N-terminal pro-B-type natriuretic peptide; ECHO: echocardiography; MRI: magnetic resonance 
imaging; RA: right atrial; CI: cardiac index; and SvO2: mixed venous oxygen saturation. aOccasional syncope 
during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient. bRepeated episodes 
of syncope, even with little or regular physical activity.

Diagnosis of CTEPH

Full anticoagulation
(indefinitely)

Evaluation by a multidisciplinary team with 
experience in pulmonary thromboendarterectomy*

Operable Inoperable**

Pulmonary thromboendarterectomy
(treatment of choice)

Symptomatic residual/recurrent PH

Specific pharmacological treatment and/or 
balloon pulmonary artery angioplasty
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there are findings indicating intermediate or high 
likelihood of PH, ventilation/perfusion lung scintigraphy 
should be performed. In cases with a low likelihood 
of PH, additional factors should be observed, such 
as natriuretic peptide levels, risk factors for CTEPH 
both during the acute event and within the context 
of the patient, and, eventually, CPET results. CPET is 
a maximal exercise test, the results of which may be 
suggestive of CTEPH, which would then indicate the 
need for further investigation with echocardiography 
and, subsequently, RHC.(90) In addition, CPET allows 
the identification of other mechanisms that cause 

dyspnea in this population of patients who do not 
have CTEPH.

There is as yet no defined approach to patients with 
pulmonary thromboembolic disease, that is, those with 
residual thrombi and no PH at rest. It is suggested 
that such patients also be referred to referral centers 
for an individualized approach.

FINAL CONSIDERATIONS

Chart 5 summarizes the recommendations for the 
management of CTEPH.
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Chart 5. Recommendations for the management of chronic thromboembolic pulmonary hypertension.
Diagnosis

•	 For a diagnosis of CTEPH, the following three diagnostic criteria must be met: at least three months of effective 
anticoagulation; invasive confirmation of pulmonary hypertension: mean pulmonary artery pressure > 20 mmHg; 
and confirmation of chronic thromboembolism by chest CT angiography, ventilation/perfusion lung scintigraphy, 
and/or pulmonary arteriography 

•	 Every patient under investigation for pulmonary hypertension should be evaluated for the possibility of CTEPH via 
ventilation/perfusion lung scintigraphy

Screening
•	 There is no recommendation that all patients with PTE should be investigated for CTEPH
•	 Patients with a history of VTE (DVT or PTE) who, after 3-6 months of anticoagulation, present with dyspnea should 

be investigated for CTEPH
•	 Patients with a history of PTE and multiple risk factors for CTEPH, even if asymptomatic, can be investigated for CTEPH
•	 Echocardiography is the initial screening test for CTEPH
•	 In the presence of echocardiographic findings that are suggestive of pulmonary hypertension, the screening test for 

CTEPH is ventilation/perfusion lung scintigraphy
Treatment

•	 All patients with CTEPH should be maintained on full anticoagulation indefinitely
•	 All patients with CTEPH should be evaluated for pulmonary thromboendarterectomy at a referral center (see 

definition for referral center)
•	 It is suggested that less-experienced centers request a second opinion from a more experienced center before 

contraindicating the surgical procedure
•	 If surgery is contraindicated by an established referral center or by the presence of postoperative residual pulmonary 

hypertension (mean pulmonary artery pressure > 30 mmHg, measured 3-6 months after surgery), patients should 
undergo pharmacological treatment and/or balloon pulmonary angioplasty

•	 Supportive care, including diuretics and long-term home oxygen therapy, should be implemented on a case-by-case basis
CTEPH: chronic thromboembolic pulmonary hypertension; PTE: pulmonary thromboembolism; VTE: venous 
thromboembolism; and DVT: deep vein thrombosis.
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TO THE EDITOR: 

In recent years, the strategy of raising cigarette 
taxes has reduced the prevalence of smoking and the 
consumption of licit cigarettes in Brazil.(1) However, 
a certain fraction of smokers may have migrated to 
cheaper, illicit cigarettes in order to save money.(2) In 
many low- and middle-income countries, the tobacco 
industry is the only source of information on the illicit 
cigarette market, and this information can be used in 
order to weaken or delay the implementation of effective 
tobacco control policies.(3) 

In 2018, the Instituto Nacional de Câncer (INCA, Brazilian 
National Cancer Institute) conducted a pragmatic study 
to gain a better understanding of the illicit cigarette 

trade in the city of Rio de Janeiro, Brazil, based on the 
characteristics and number of cigarette packs discarded 
with the household garbage. For that purpose, INCA 
worked in partnership with the Companhia Municipal de 
Limpeza Urbana (COMLURB, Municipal Urban Cleaning 
Company), which provides household waste collection 
services to the 156 neighborhoods in the city. Investigators 
in our research group took photographs of all stages of 
the study, thus allowing the images to “tell the story 
behind the numbers”. 

In addition to performing their regular recycling activities, 
COMLURB staff members were instructed to separate all 
cigarette packs discarded with the household garbage in 
each neighborhood (Figure 1A). A manual sieving method 
was used in order to separate discarded cigarette packs 

Figure 1. In A, household garbage; in B, manual sieving to separate discarded cigarette packs from other materials; in 
C, discarded packs of “GIFT” cigarettes, the most commonly consumed illicit cigarette brand in the city of Rio de Janeiro, 
Brazil (brought into the country from Paraguay); and in D, discarded packs of “GIFT” cigarettes, some of which were legally 
manufactured in Brazil.
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from other materials (Figure 1B). The packs that were 
found were classified as illicit or licit by INCA tobacco 
control analysts. For that purpose, they used the 
Brazilian National Health Surveillance Agency list of legal 
brands, as well as direct observation of the presence of 
Brazilian tobacco health warnings on the packs.(4) The 
most commonly consumed illicit cigarette brand in the 
city of Rio de Janeiro is called “GIFT” (Figure 1C) and 
is brought into the country from Paraguay, a known 
smuggling route. We also identified an odd situation 
that should be closely investigated by the Brazilian 
Secretariat of Federal Revenue: “GIFT” cigarettes legally 
manufactured in the city of Rio de Janeiro (with Brazilian 
pictorial health warnings displayed on cigarette packs; 
Figure 1D), as authorized by a court order. 

Non-industry-funded studies are important to improve 
understanding of the illicit cigarette market and, as 
a consequence, help implement tobacco excise tax 
policies in Brazil and other low- and middle-income 
countries effectively. 
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TO THE EDITOR:

Coronavirus disease 2019 (COVID-19), caused by the 
severe acute respiratory syndrome (SARS) coronavirus 2, 
was initially identified in the city of Wuhan, capital of the 
Hubei province of China, in December of 2019. (1) On March 
11, 2020, the World Health Organization characterized 
the disease as a pandemic.(2) As of April 26, there were 
approximately 3 million confirmed cases of COVID-19 
and 206,000 deaths attributed to the disease worldwide. 
The highest numbers of confirmed cases were in the 
United States (n = 963,379) and Spain (n = 226,629), 
whereas the highest numbers of deaths were in Italy 
(n = 26,644) and France (n = 23,190).(3)

In Brazil, the first COVID-19 case was confirmed on 
February 26, 2020, in the city of São Paulo. On March 
17, the first death from the disease was reported in the 
country. On April 24, Brazil already ranked 11th worldwide 
in terms of the number of confirmed cases (n = 52,995) 
and the number of deaths (n = 3,670).(4)

Given the continental dimensions of Brazil and its 
internal economic, social, and cultural inequalities, the 
impact of the disease might be heterogeneous. Therefore, 
the objective of the present study was to analyze the 
spatiotemporal distribution of case fatality rates (CFRs) 
of COVID-19 in the 26 Brazilian states and the Federal 
District of Brasília (all hereafter referred to as states) 
between epidemiological week (EW) 12 and EW 17 of 
2020 (from March 17 to April 24).

This was an ecological study of all deaths due to 
COVID-19, by state and EW. Data were obtained from 
the Brazilian National Ministry of Health (https://covid.
saude.gov.br/) on April 24, 2020. The CFRs for each state 
and EW were then calculated. The CFR is defined as the 
proportion of deaths from a given disease in relation to 
the total number of patients with that disease:

CFR = 
Number of deaths due to COVID-19

Number of confirmed cases
× 100

An exploratory spatiotemporal analysis was conducted, 
and choropleth maps were prepared in order to show the 
results. Because only secondary, public-domain data were 
used in the present study, the requirement for approval 
by the local research ethics committee was waived.

Between EW 9 and EW 17, Brazil reported 52,995 cases 
of COVID-19 and 3,670 deaths, with a CFR of 6.9%. The 
first deaths were reported on March 17 (in EW 12) in 
the states of Rio de Janeiro (n = 3) and São Paulo (n = 
15), which subsequently accounted for 2,082 (56.7%) 
of the COVID-19-related deaths in the country during 
the period studied (Figure 1).

In EW 13, ten states accounted for 110 deaths: Santa 
Catarina, Rio Grande do Sul, Paraná, Rio de Janeiro, 
São Paulo, Goiás, Amazonas, Ceará, Pernambuco, and 
Piauí. The highest CFRs were found the states of Piauí 
(9.09%), Pernambuco (7.35%), and São Paulo (5.97%). 
In EW 14, there was an increase of 318 deaths and the 
number of accumulated deaths was 432, which was 3.8 
times higher than in the previous week. Only the state of 
Tocantins reported no deaths. As can be seen in Figure 
1, the highest CFRs were found in the states of Piauí 
(18.18%), Rondônia (9.09%), and Alagoas (8.70%).

In the following week (EW 15), 692 COVID-19-related 
deaths were added, bringing the national total to 1,124 
(2.6 times higher than in EW 14). Of the ten states 
with the highest CFRs during that EW, six were in the 
northeastern region: Piauí (17.07%), Paraíba (12.94%), 
Sergipe (9.52%), Pernambuco (8.82%), Alagoas (6,25%), 
and Maranhão (6.10%). In EW 16, the cumulative 
number of deaths reached 2,346 (an increase of 1,222 
in relation to the previous week), and COVID-19-related 
deaths had been reported in every state. The highest 
CFRs were observed in the states of Paraíba (12.68%), 
Pernambuco (9.35%), and Rio de Janeiro (8.52%). It is 
noteworthy that the state of Amazonas, which ranked 
10th in CFR during EW 15 (5.05%), came to be ranked 
4th by EW 16 (8.49%), as shown in Figure 1.

In EW 17, there were an additional 1,326 COVID-
19-related deaths, bringing the total to 3,670. The 
numbers of confirmed deaths were highest in the states 
of São Paulo (n = 1,512), Rio de Janeiro (n = 570), and 
Pernambuco (n = 352), whereas the CFRs were highest in 
the states of Paraíba (11.40%), Rio de Janeiro (9.09%), 
and Pernambuco (8.80%), as can be seen in Figure 1.

Collectively, the states of São Paulo and Rio de Janeiro 
have a population of 63 million, which represents 29.7% 
of the population of Brazil. Although the first confirmed 
cases of COVID-19 and deaths from the disease were 
reported in those two states, it remains unclear whether 
they were the gateways for the disease to enter the 
country.(4)

It is of note that COVID-19-related mortality is 
determined not only by intrinsic characteristics of the 
infected individuals (age, previous diseases, and lifestyle) (5) 
but also by the access to and availability of therapeutic 
resources (hospital beds, health care staff, mechanical 
ventilators, and medications).(6) Therefore, the analysis of 
the lethality of the disease should take this combination 
of factors into account.

One study conducted in Brazil showed that the number 
of hospitalizations due to SARS between the confirmation 
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of the first case of COVID-19 and EW 12 was higher 
than that found during the same period in previous 
years. The historical median of hospitalizations due 
to SARS in that EW is 299; in 2020, that number 
surpassed 1,000.(7)

By EW 13, all states in the southern region had 
reported COVID-19-related deaths. Those states (Rio 
Grande do Sul, Santa Catarina, and Paraná) have 
three important determinants of mortality(8): their 
populations are older than are those of other regions 
of the country(9); their historical incidence of SARS is 
the highest in the country(7); and they have a fragile 
health care network, albeit more structured than 
those in other regions of the country.(6) In addition, 
their proximity to the states of São Paulo and Rio de 
Janeiro represents an additional complicating factor, 
because it facilitates travel between the two regions.

In the northern and northeastern regions, social 
vulnerability is a chronic problem. This might explain 
why the states in those regions ranked highest regarding 
CFRs. Currently, Brazil has 32,757 ICU beds for adults, 
of which 14,873 (45.4%) are managed by the Brazilian 
Unified Health Care System. Of those ICU beds, only 
227 (0.69%) and 454 (1.38%) are in the states of Piauí 
and Paraíba (6.9 beds/100,000 population and 11.2 

beds/100,000 population, respectively), which had 
the highest CFRs between EW 13 and EW 17. In the 
northern region, the situation is more critical: the state 
of Amazonas, one of the epicenters of the pandemic 
in Brazil, has only 271 ICU beds (6.5 beds/100,000 
population).(8)

It should be borne in mind that the CFR is influenced 
by the underreporting of confirmed cases and deaths. 
States where there is little testing or where testing is 
targeted only at critically ill patients tend to generate 
higher CFRs, because the actual number of patients 
is not reflected. In addition, there have been a great 
number of deaths for which the cause has not been 
identified or confirmed, which also affects the quality 
of the records.(10) Recent investigations have suggested 
that the number of infected individuals in Brazil might 
be 10 to 15 times greater than the number of reported 
cases.(10) Not knowing the true magnitude of the 
pandemic is an obstacle to fighting the disease.

The present study showed that spatiotemporal 
differences in the CFR of COVID-19 among Brazilian 
states might reflect social, economic, cultural, and 
structural inequalities. Therefore, there is no single 
solution for the whole country and health care policies 
must take regional particularities into consideration.
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TO THE EDITOR: 

The prevalence of asthma among adults is poorly known, 
especially in vulnerable regions, such as the Brazilian 
Amazon.(1) The objective of this study was to estimate 
the prevalence of self-reported asthma in adults living in 
the metropolitan area of Manaus, Brazil, in 2015. 

We included individuals ≥ 18 years of age. We used a 
multistage probability cluster sampling design: stage 1, 
census tracts (random sampling); stage 2, households 
(systematic sampling); and stage 3, individuals (random 
sampling, based on age and sex quotas).(2) Experienced 
interviewers collected data at participant households. 

The prevalence of self-reported asthma was assessed 
by the Brazilian Portuguese version of the European 
Community Respiratory Health Survey, a cutoff score ≥ 
4 being used.(3) Individual variables included sex (male/
female), age group (18-24, 25-34, 35-44, 45-59, or ≥ 
60 years), marital status (married, separated, divorced, 
widowed, or single), level of education (college education 
or higher, high school education, middle school education, 
no formal education), socioeconomic class (A/B, C, or 
D/E, with A being the wealthiest and E being the poorest), 
health insurance (yes/no), use of health services in the 
last 12 months (visit to a physician, visit to a dentist, 
or hospitalization), place of residence (in the city of 
Manaus itself or in other cities within the metropolitan 
area of Manaus), chronic disease (COPD, depression, 
hypertension, diabetes, or hypercholesterolemia), and 
self-perception of health status (very good, good, fair, 
poor, or very poor). 

All variables were evaluated by descriptive statistics 
with 95% CIs. Poisson regression with robust variance 
was used in order to estimate prevalence ratios (PRs) 
for asthma by independent variable. All of the variables 
showing p < 0.20 in the bivariate analysis were included 
in the multivariate analysis. Multicollinearity was assessed 
by the variance inflation factor (VIF), variables with a 
VIF > 10 being removed. All analyses were performed 
with the Stata statistical software package, version 14.2 
(StataCorp LP, College Station, TX, USA), the complex 
sampling design being accounted for (using the svy 
command). 

All participants gave written informed consent. The 
study protocol was approved by the Research Ethics 
Committee of the Federal University of Amazonas (Protocol 
no. 974,428). 

Of the 4,001 study participants, 523 (13.1%; 95% 
CI, 12.0-14.1) were found to have asthma. Half of the 
participants were women, single, and in good health. 
Most were in the 18- to 44-year age bracket, had visited 
a physician in the previous 12 months, and resided in 
the city of Manaus (Table 1). 

After adjustment, the prevalence of asthma was found 
to be significantly higher in women (PR, 1.84; 95% CI, 
1.52-2.22), individuals living in the city of Manaus (PR, 
1.70; 95% CI, 1.23-2.37), individuals with COPD (PR, 
2.45; 95% CI, 1.93-3.10), individuals with depression 
(PR, 1.52; 95% CI, 1.20-1.93), individuals with 
hypertension (PR, 1.39; 95% CI, 1.16-1.68), individuals 
with hypercholesterolemia (PR, 1.33; 95% CI, 1.12-1.65), 
individuals in fair health (PR, 2.26; 95% CI, 1.51-3.38), 
individuals in poor health (PR, 3.30; 95% CI, 2.11-5.15), 
and individuals in very poor health (PR, 2.66; 95% CI, 
1.54-4.63). None of the variables had a VIF > 10. 

Although information bias resulting from self-report 
might limit the validity of our findings, clinical testing for 
asthma was beyond the scope of our study. Nevertheless, 
we employed a questionnaire that has been validated 
for the assessment of asthma in adults. Environmental 
factors were not assessed in this study and can be risk 
factors for asthma symptoms.(4) Given that only individuals 
who were at home at the time of data collection were 
included in the study, it is possible that selection bias 
influenced the results. 

The prevalence of self-reported asthma in the present 
study was similar to the prevalence of asthma in the 
Brazilian adult population (12.4%) as assessed by the 
World Health Survey questionnaire in a multicountry 
study.(5) In contrast, the 2013 Brazilian National Health 
Survey found a low prevalence of self-reported physician-
diagnosed asthma (4.4%), a finding that might be due 
to the fact that no screening tool was used for outcome 
assessment.(6) 

In a cross-sectional study based on household 
surveys conducted in Brazil in 2003, 2008, and 2013, 
the prevalence of asthma was consistently higher in 
women,(1) as was the case in our study. This might be 
explained by biological differences, such as sex hormones 
and increased bronchial hyperresponsiveness, and social 
factors, such as different perceptions of airflow obstruction 
and medication compliance.(7) In addition, women seek 
medical attention and self-report health conditions more 
often than do men.(2) 
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In the present study, the prevalence of asthma was 
found to be higher in individuals living in the city of 
Manaus itself than in those living in other cities within 
the metropolitan area of Manaus. In a cross-sectional 

study conducted in Peru in the 2000-2008 period, the 
prevalence of asthma was investigated in two different 
settings and was found to be higher in urban Lima than 
in rural Tumbes (12% vs. 3%).(8) 

Table 1. Characteristics of the study participants and corresponding adjusted prevalence ratios for asthma (with 95% 
CIs) in the metropolitan area of Manaus, Brazil, in 2015 (N = 4,001). 

Variable n % PR (95% CI) p
Sex < 0.001

Male 1,888 47.2 1.00
Female 2,113 52.8 1.84 (1.52-2.22)

Age group, years 0.189
18-24 838 20.9 1.00
25-34 1,152 28.8 0.83 (0.65-1.06)
35-44 843 21.1 0.88 (0.68-1.15)
45-59 772 19.3 0.71 (0.53-0.93)
≥ 60 396 9.9 0.74 (0.53-1.03)

Marital status 0.033
Married 1,409 35.2 1.00
Separated 157 3.9 0.82 (0.53-1.26)
Divorced 103 2.6 0.35 (0.17-0.72)
Widowed 159 4.0 0.96 (0.70-1.31)
Single 2,173 54.3 0.76 (0.64-0.90)

Level of education 0.679
College or higher 158 4.0 1.00
High school 1,903 47.5 1.07 (0.67-1.69)
Middle school 649 16.2 1.12 (0.69-1.82)
Elementary school or lower 1,291 32.3 0.98 (0.62-1.56)

Socioeconomic class 0.026
A/B (the wealthiest) 629 15.7 1.00
C 2,285 57.1 0.96 (0.73-1.22)
D/E (the poorest) 1,087 27.1 1.19 (0.91-1.57)

Health insurance 0.150
Yes 523 13.0 1.00
No 3,478 87.0 1.22 (0.93-1.61)

Use of health services in the last 12 monthsa

Physician 3,066 76.6 1.13 (0.92-1.39) 0.247
Dentist 1,435 35.9 -b -b

Hospitalization 273 6.8 1.22 (0.96-1.54) 0.099
Place of residence 0.001

In other cities within the metropolitan area of Manaus 522 13.2 1.00
In the city of Manaus itself 3,479 86.9 1.70 (1.23-2.37)

Chronic diseasea

COPD 99 2.5 2.45 (1.93-3.10) < 0.001
Depression 214 5.4 1.52 (1.20-1.93) 0.001
Hypertension 787 19.7 1.39 (1.16-1.68) < 0.001
Diabetes 245 6.2 0.78 (0.59-1.02) 0.073
Hypercholesterolemia 596 14.9 1.33 (1.12-1.65) 0.002

Health status < 0.001
Very good 471 11.9 1.00
Good 2,175 54.3 1.34 (0.90-1.98)
Fair 1,108 27.7 2.26 (1.51-3.38)
Poor 193 4.9 3.30 (2.11-5.15)
Very poor 54 1.4 2.66 (1.54-4.63)

PR: prevalence ratio. aThe absence of this variable was used as reference for PR calculation. bNot included in the 
adjusted analysis (p = 0.234 in the bivariate analysis). 
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Adults with asthma are likely to report other chronic 
conditions. In a meta-analysis comparing 117,548 patients 
with asthma and 443,948 controls without asthma, it 
was shown that asthma, diabetes, cardiovascular 
diseases, hypertension, psychiatric disorders, neurological 
disorders, cancer, and respiratory diseases other than 
asthma share several common risk factors, including 
smoking, obesity, and lack of physical activity.(9) Given that 
asthma and COPD are both pulmonary diseases, there 
was a risk of collinearity between the two in our study. 
However, multicollinearity was ruled out by examining 
the VIF. In the present study, asthma was associated 
with worse health status, a finding that is consistent 
with those of a study showing severe problems related 
to symptoms, functional impairment, and quality of life 
in 167 asthma patients.(10) 

In summary, over one tenth of adults living in 
the metropolitan area of Manaus have asthma, the 
prevalence of which was higher in women, individuals 
living in the city of Manaus itself, individuals with chronic 
conditions, and individuals with worse health status. 
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TO THE EDITOR: 

Since the first reports of coronavirus disease (COVID-
19) in Wuhan, China, in 2019, it has become clear that 
hypoxemic respiratory failure is the most severe clinical 
manifestation of COVID-19.(1) A high incidence of cases 
of severe acute respiratory syndrome (SARS) or acute 
respiratory distress syndrome (ARDS) in a short period of 
time among patients exposed to a wet market in Wuhan 
raised the possibility of a highly contagious infectious 
disease caused by a new coronavirus, which was later 
designated SARS coronavirus 2 (SARS-CoV-2).(2) 

Given that COVID-19 causes severe respiratory failure, 
is highly transmissible, and results in a high number of 
deaths from respiratory disease, different therapeutic 
modalities have been employed. Identification of the 
etiologic agent of COVID-19 and of pathophysiological 
mechanisms of COVID-19–related lung parenchymal 
injury led to two different therapeutic approaches: 
treatments aimed at reducing viral load and replication 
(remdesivir and plasma from patients who recovered 
from COVID-19); and those aimed at reducing the 
pulmonary inflammatory response to SARS-CoV-2 
(including chloroquine, corticosteroids, and tocilizumab 
[an anti-IL-6 receptor antibody]).(3) However, the 
efficacy of these treatments has yet to be established 
in controlled clinical trials. 

A third therapeutic approach has recently been 
proposed, namely, treatment of SARS-CoV-2–induced 
pulmonary vascular disease. Autopsy studies have 
shown the presence of endotheliitis(4) and thrombosis 
in the pulmonary microvasculature.(5) Elevated D-dimer 
levels have been correlated with poor prognosis in 
patients with COVID-19,(6) indicating the relevance of 
vascular disease in the clinical course of COVID-19. 
Gattinoni et al.(7) showed that, despite the severity of 
hypoxemia, lung compliance is relatively preserved in 
cases of COVID-19–induced ARDS. However, unlike 
what has been reported in other causes of ARDS, 
pulmonary shunt fraction is surprisingly high, suggesting 
that vascular disease plays a role in the severity of 
COVID-19. In this scenario, it is tempting to consider 
the possibility of treating vascular disease in patients 
with COVID-19. In a retrospective study conducted in 
China, heparin was reported to play a potential role 
in the treatment of vascular disease in patients with 

COVID-19.(8) However, this treatment approach has 
yet to be evaluated in prospective controlled studies. 

COVID-19 arrived in Brazil in mid-March 2020, and 
clinical experience demonstrated a wide variety of 
pulmonary manifestations.(9,10) With regard to inclusion 
in randomized clinical trials and clinical management, 
it might be inappropriate to treat vascular disease in 
patients with predominantly parenchymal involvement. 
Patient selection for inclusion in prospective studies, 
clinical support, and specific treatment modalities can 
be essential to achieve the expected result. Figure 
1 shows chest CT scans of two patients. Patient 
A presented with severe hypoxemia but no lung 
parenchymal changes that might account for it, as well 
as presenting with markedly elevated D-dimer levels, 
all of which were suggestive of concomitant vascular 
disease as the underlying cause of hypoxia. Should 
this patient have received treatment aimed at reducing 
the lung parenchymal inflammatory process despite 
the fact that the underlying condition appeared to be 
pulmonary vascular disease? Patient management 
included hospitalization, ventilatory support, and 
prophylactic heparin. In contrast, patient B presented 
with extensive lung parenchymal changes, without 
hypoxemia or elevated D-dimer levels, and was therefore 
managed at home. Should patients without evident 
vascular disease receive anticoagulation therapy? Both 
patients responded well to treatment at 10 days and 
are clinically well at this writing. The aforementioned 
cases suggest that COVID-19 has varying phenotypes 
(i.e., parenchymal and vascular), and this has an impact 
on the clinical management of the disease. However, 
there is currently no evidence for a phenotype-based 
approach to COVID-19 treatment. 

Given that several pathophysiological pathways 
are involved in the development of COVID-19, 
indiscriminate treatment of COVID-19 patients can lead 
to negative results in clinical studies and unsatisfactory 
individual clinical outcomes. Proper identification of the 
pathophysiological mechanism of lung injury in patients 
with COVID-19 might prove essential to appropriate 
clinical management and the interpretation of the 
results of clinical trials currently underway. However, 
it should be born in mind that definitive conclusions 
on the efficacy and safety of COVID-19 therapeutic 
strategies other than ventilatory support await results 
of ongoing prospective clinical trials. 
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B

Figure 1. Chest CT scans of two patients with COVID-19, both of whom had an approximately 10-day history of 
respiratory symptoms. In A, a 48-year-old male patient with no comorbidities and an SpO2 of 89% on room air, as well 
as a D-dimer level of 2,600 ng/mL. In B, a 62-year-old male patient with hypertension and diabetes, as well as an SpO2 
of 95% on room air and a D-dimer level of 420 ng/mL.
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TO THE EDITOR:

A 29-year-old woman was referred to our hospital 
with a 5-month history of cough and monthly episodes 
of hemoptysis lasting 2-3 days. The hemoptysis was 
associated with her menstrual cycle. Her medical history 
was significant in that it included two induced abortions. 
Physical examination and laboratory test findings were 
unremarkable. Chest CT performed during the menstrual 
period showed two small cavitary nodules, containing 
ground-glass opacities, one in each of the lower lobes 
(Figures 1A and 1B). Another chest CT, acquired two 
weeks later (between menses), demonstrated that 
those abnormalities had resolved, except for a small 
thin-walled cavity in the right lower lobe (Figures 1C 
and 1D). Fiberoptic bronchoscopy performed during 
menstruation showed fresh blood at the entrance of the 
right lower lobe bronchus. The diagnosis of pulmonary 
endometriosis was suspected. The patient underwent 
video-assisted thoracoscopic surgery with resection of 
both nodules. Histopathological examination revealed 
uterine endometrial cells with stromal components 
(findings typical of endometriosis). The postoperative 
course was uneventful. At this writing, the patient has 
been asymptomatic for more than 18 months after 
surgery, without adjuvant pharmacological treatment.

Endometriosis is characterized by the presence of 
endometrial tissue at sites other than the uterine 
cavity. This condition most frequently affects women 
of reproductive age with a history of pelvic surgery, 
childbirth, or surgical procedures involving the uterine 
cavity.(1-3) Thoracic endometriosis, involving the pleura 
and pulmonary parenchyma, can occur, manifesting 
as the well-recognized clinical entities of catamenial 
pneumothorax, catamenial hemothorax, and catamenial 
hemoptysis, as well as nodules in the pleura or lung. 
Although the CT findings of thoracic endometriosis are 
relatively nonspecific, CT continues to be the first-line 
imaging method, because it can be used to rule out other 
diagnoses and map lesions for surgery. Examination by 
CT is more sensitive during menses, because lesions may 
vary in size or even disappear during other phases of 
the menstrual cycle. The images acquired by CT can also 
show pneumothorax, hydrothorax, or hydropneumothorax. 
Recurrent spontaneous pneumothoraces occur between 
24 h before and 72 h after the onset of menses. The right 
hemithorax is involved in more than 90% of all forms of 
thoracic endometriosis.(4)

Studies have shown that magnetic resonance imaging 
(MRI) plays an important role in the evaluation of patients 
with thoracic endometriosis, given that it is better able 

than is CT to characterize hemorrhagic tissues and to 
detect endometriotic nodules. In addition, MRI is quite 
useful in detecting hemoglobin degradation products at the 
level of the diaphragm or the pleural cavity, which, in the 
context of endometriosis, is of great value. Endometriotic 
nodules exhibit distinctive blood components that may 
appear hyperintense on T1- and T2-weighted images, 
in some cases being accompanied by hemorrhagic 
pleural effusion, which can also show a hyperintense 
signal on T1-weighted images. Endometriotic nodules 
are commonly hyperintense when they are located on 
the pleural surface, although their signal intensity can 
differ between T1- and T2-weighted images.(4-6) One of 
the most rapidly evolving techniques in the MRI field is 
diffusion weighted imaging (DWI). In some cases, the 
restricted diffusion seen on DWI could be useful for the 
detection of small endometriomas, which show variable 
degrees of restricted diffusion, depending on the age of 
the lesion.(4,5) Therefore, MRI is a viable option for the 
characterization of pleural endometriotic nodules and 
hemorrhagic pleural effusion.(4-6)

Pleural endometriosis is more common than is 
pulmonary endometriosis.(1-3,7,8) In most cases, pulmonary 
endometriosis is thought to result from embolization of 
endometrial tissue to the lung parenchyma. Rupture of the 
capillaries or alveoli within the lesion during menstruation 
can result in hemoptysis or pneumothorax. In addition, 
blood invades the interstitium of the lung and spreads 
to the surrounding area. Absorption of the hemorrhagic 
lesions then occurs between menstruations.(1-3,8) The 
diagnosis of pulmonary endometriosis is established on 
the basis of recurrent hemoptysis that is synchronized 
with the menstrual cycle, together with persistent, 
pathologically confirmed foci of endometriosis. Symptoms 
manifest during menstruation and then disappear.(1,2,7,8) 
On CT, pulmonary endometriosis may be characterized by 
small areas of consolidation or ground-glass attenuation, 
nodular lesions, or thin-walled cavities, the appearance 
of which change over the course of the menstrual cycle. 
These findings can be presumed to represent pulmonary 
hemorrhage. The size and severity of the lesions during 
menstruation differ significantly from those in the period 
between menses.(1,3,8) Histopathological findings include 
uterine endometrial cells with features of proliferative or 
secretory endometrium.(8) Treatments include hormonal 
therapy and surgical resection. Surgical resection is 
considered to be the most effective treatment, although 
it is generally considered only when hormonal therapy 
fails.(1,3,7) The successful management of pulmonary 
endometriosis requires accurate diagnosis and lesion 
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localization. The acquisition of CT scans during and two 
weeks after menstruation can help confirm the diagnosis 

and can facilitate the localization of parenchymal 
pulmonary endometriosis.
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TO THE EDITOR:

An overview of the diagnosis and treatment of latent 
tuberculosis infection (LTBI) was provided during a meeting 
of tuberculosis experts in the city of Rio de Janeiro, Brazil, 
on July 18, 2018. The experts discussed the tools for 
LTBI diagnosis and the evolving policies on the preferred 
method of testing, either interferon-gamma release assay 
(IGRA) or the tuberculin skin test (TST), the latter being 
the standard method for LTBI diagnosis in Brazil. Current 
Brazilian guidelines recommend treatment of all contacts 
of pulmonary tuberculosis cases in whom LTBI is detected 
on the basis of a positive TST or IGRA, regardless of age, 
after active tuberculosis has been ruled out.(1) Although 
IGRAs are commercially available in Brazil, they have not 
been incorporated into the Sistema Nacional de Saúde 
(SUS, Brazilian Unified Health Care System).

In 2015 and 2018, the World Health Organization (WHO) 
issued policies on the management of LTBI that moved 
from disallowing the use of IGRAs for LTBI diagnosis in 
low- and medium-income countries to stating that IGRAs 
are interchangeable with TST for the diagnosis of LTBI.(2)

Tuberculin proteins overlap with proteins present in 
the BCG vaccine, resulting in TST having poor specificity, 
estimated at 59% among BCG-vaccinated persons.(3) 
QuantiFERON-TB Gold Plus (QFT-Plus), a 4th generation 
IGRA, has an additional CD8+ T cell tube, manufacturing 
improvements, and flexible blood draw options. Recent 
data show improved sensitivity of QFT-Plus in active 
culture-proven tuberculosis when compared with the 
prior version, known as the QuantiFERON-TB Gold-in-Tube 
assay.(4) Studies have demonstrated a correlation of CD8 
responses with active tuberculosis and recent exposure 
to the pathogen.(4)

In the meeting of tuberculosis experts, the pros and 
cons of the use of IGRAs were discussed. The advantages 
of QFT assays over TST include higher specificity, which 
reduces the number of people misdiagnosed with LTBI 
and consequently the number needed to treat. In 
addition, IGRAs do not require a second patient visit to 

obtain results. Furthermore, unlike TST, QFT assays do 
not induce immune boosting if an individual is retested. 
Moreover, the QFT result is objective and is unaffected by 
previous BCG vaccination. Finally, quality control of test 
results is more easily achieved with the QFT assays. (3) 
However, the drawback of IGRAs is their higher price, 
lower cost-effectiveness in Brazil compared with TST,(5) 
and the need for a laboratory network to run tests for 
the public sector.

Despite the advantages provided by QFT assays, 
there was consensus among the meeting participants 
that QFT assays and TST are both fairly good tests for 
LTBI detection, despite their limitations. Although TST 
specificity is lower in BCG vaccinated-populations,(6) 
especially among individuals who are revaccinated after 
the first year of life, BCG vaccination may have a less 
pronounced impact in Brazil, because since nearly all 
children in the country are vaccinated only once, in the 
first month of life. Therefore, a positive TST (or IGRA) 
in a contact of a patient with pulmonary tuberculosis 
or in people living with HIV/AIDS (PLWHA) should be 
considered LTBI with high confidence and should be 
treated as such, when applicable. The superior predictive 
value of IGRAs is controversial, meta-analyses having 
presented conflicting findings. In children, TST have also 
been useful for diagnosing active tuberculosis as part 
of a scoring system. Above all, the benefit derived from 
treating LTBI in PLWHA, based on a positive TST, has been 
demonstrated in a number of trials.(7) However, there 
are few data regarding the use of IGRAs for selecting 
patients that will benefit from LTBI treatment.

The WHO recommends that treatment for LTBI be 
offered to individuals in some high-risk groups, such as 
children under 5 years of age and PLWHA, without testing 
or regardless of a test result, in order to avoid missing 
opportunities.(2) The main health care system hurdles, 
policy barriers, and challenges for the wider use of LTBI 
treatment include the lack of robust recommendations, 
the shortage of diagnostic tests/drugs, the need for 
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a more robust surveillance/reporting system, and 
insufficient funding. 

At the meeting, data on tuberculosis/HIV coinfection 
were presented by a representative from the Brazilian 
National Ministry of Health, who pointed out that 
tuberculosis continues to be the leading cause of 
death from an infectious agent among PLWHA in 
Brazil. Of the approximately 70,000 new tuberculosis 
cases reported annually, approximately 9.5% occur in 
PLWHA. Despite the increase in the proportion of new 
tuberculosis cases tested for HIV infection in recent 
years (76.3% in 2016), comprehensive HIV testing 
is still a challenge. Brazilian guidelines, published in 
June of 2018,(1) recommend that all HIV patients with 
a CD4+ cell count < 350 cells/mm3 be treated for LTBI, 
assuming that active tuberculosis has been excluded, 
without the need for a TST or IGRA. 

Prison inmates are plausible candidates for tuberculosis 
screening because they are “institutional amplifiers” of 
tuberculosis. Genotypic evidence supports transmission 
linkage between tuberculosis cases in prisons and the 
general population.(8) 

The following is a summary of the main points 
discussed at the meeting of tuberculosis experts in 
Rio de Janeiro:
1.	 A network of the close contacts of each pulmo-

nary tuberculosis case should be registered so 
that the contacts can be screened and treated 
for LTBI.

2.	 Each health care facility should use local data 
to identify risk groups to target and to create a 
cascade of LTBI diagnosis and treatment.

3.	 All new policy initiatives and variables for each 
step of the LTBI diagnosis and treatment cascade 
should be monitored in order to evaluate program 
performance and progress.

4.	 The results of tests, including TST, and chest 
X-ray findings should not be allowed to create a 
barrier to access to preventive therapy for the 
most vulnerable populations, such as PLWHA 
and children under 5 years of age.

5.	 The CD4+ cell count should not be allowed to 
create a barrier to access to LTBI treatment for 
PLWHA.

6.	 The QFT assays could play an important role 
in the event of continued shortages of TST, as 
an alternative to TST in some settings, and for 
target populations, such as PLWHA. There is a 
need for a laboratory network to promote future 
incorporation of QFT assays into the routine at 
public health care facilities and an update of 
the cost-effectiveness analyses, as well as for 
economic analyses in other target populations.

7.	 Children will benefit from shorter course rifampin 
regimens for LTBI. A 4-month course of rifampin 
is safer than is treatment with isoniazid alone or 
with any other regimen(9,10) and has been included 
as an option in Brazilian national guidelines.

8.	 Providing inmates with treatment for LTBI at 
the time of their release from prison could be a 
priority innovation approach to reduce the impact 
of tuberculosis transmission in the community.
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In December of 2019, a new virus was discovered in 
Wuhan, China. It was characterized as a coronavirus 
and is responsible for the COVID-19 pandemic. A small 
number of those affected by the virus develop acute 
respiratory distress syndrome and other complications, 
of which the most recently reported is acute pulmonary 
thromboembolism (PTE).(1) Although the mechanism by 

which this viral infection increases the risk of acute PTE 
has yet to be fully understood, it might be related to 
the endothelial damage caused by the viral infection.(1)

The aim of the present report is to show the possible 
causal relationship between COVID-19 pneumonia 
and acute PTE. An obese 40-year-old man was initially 
diagnosed with mild COVID-19. Seven days after the 

Figure 1. A CT scan of the chest showing foci of consolidation (in A) one week after an initial scan had shown only opacities 
and ground-glass attenuation, consistent with the usual evolution of COVID-19 pneumonia. A posterior projection of the lungs 
using three-dimensional reconstruction (in B) shows the extent of lung parenchyma involvement (37.7%), predominantly in 
the posterior region. CT angiography of the chest showing a central filling defect—white arrows in C (axial reconstruction), 
D (coronal reconstruction), and E (sagittal reconstruction)—in the branch of the right pulmonary artery to the upper lobe, 
consistent with acute pulmonary thromboembolism.
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onset of the symptoms, he presented with worsening 
dyspnea and an increase in D-dimer levels (from 700 
ng/mL to 7,000 ng/mL). At hospital admission, CT 
angiography of the chest showed a typical pattern 
of viral pneumonia(2) and PTE (Figure 1). There 
was no hypoxemia. Doppler ultrasound of the lower 
extremities was negative for deep vein thrombosis, and 
an echocardiogram was unremarkable. In the case of 
COVID-19 pneumonia reported here, the absence of 

major risk factors for venous thrombosis supports the 
hypothesis that the viral pneumonia was the triggering 
factor for acute PTE.(3)
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